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I. 


The character and magnitude of the 
works in progress along our Southern 
Atlantic border attract attention only 
when the brief summary of the year's 
work is published, and then excite a 
momentary interest, only, in the many 
who do not know that an engineering 
problem of great importance is in pro- 
cess of solution. 

To aid, by artificial construction, in| 
the establishment of a way permanently | 
open to navigation, and free from the 
danger of accumulations of silt or sand, 
is the end sought. 
of all, 
character and habits of all currents in 
the neighborhood, so that by properly 
directing them, they may aid, or at least 
shall not obstruct the end in view. 

There is a widespread popular notion 
that the method of such improvement 
by jetties was first successfully applied 


at the mouth of the Mississippi, whereas | 


such means have been employed, with 
more or less success, for nearly a cen- 
tury. The improvements at the mouth 
of the Danube, at Currachee in India, 
and the harbor of Dublin, are of this 


ort upon the Improvement of the 


~* Annual ‘Ret 
ors on the Coast of South Carolina, 


Rivers and Har’ 

Georgia, and the Atlantic Coast of Florida, in charge 
of Q. A. ag em. -Col. of Engineers, and Bvt. 
Maj.-General, 
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This requires, first | 
an intimate knowledge of the| 


kind, and, under the name of piers or 
sea-walls, they are found in many im- 
portant commercial ports. ° 

The skill of the engineer is exercised 
when applying such a method, in adapt- 
ing it to the special conditions which 
confront him in each case. A general 
plan of procedure, when a harbor is to 
‘be constructed at the mouth of a river, 
is to build piers or jetties out into the 
‘widened mouth of the river in such way 
_as to continue the current of the stream, 
‘making the space between them as wide 
as the throat of the harbor or the water- 
way of the river; also to carry the jetties 
up to or above the surface of the water. 
One effect of this plan is to move the 
ithroat of the harbor to the outer ex- 
'tremity of the works, and to establish 
|there the same conditions, so far as the 
deposit of a bar is concerned, as former- 
ly existed nearer the mouth of the river. 

In Charleston harbor, where the more 
‘important of the works covered by the 
report are in progress, Gen. Gillmore 
proposes to construct the jetties lower 
than usual, keeping them entirely below 
low water; also to make the width en- 


-|closed between them less than one-half 


the width of the natural throat of the 
harbor. The tide will therefore ebb and 
flow over the tops of the jetties. The 
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object sought is to cut a narrow and 
deep channel through the bar without 
moving the bar. 

“The bar which stretches bow-shaped 
across the entrance into Charleston 
Harbor, from Sullivan’s Island on the 
north to Folly Island on the south side, 
has not varied much in either location, 
general direction, or magnitude within 
the period covered by any trustworthy 
knowledge which we possess on the sub- 
ject. 

“In the year 1852 a commission, com- 
posed of Prof. A. D. Bache, Superintend- 
ent of the United States Coast Survey; 
Lieutenants J. N. Maffitt, M. F. Maury, 
and C. H. Davis, United States Navy; 
and Lieut. J. D. Kurtz, United States 
Army, in a report on Charleston Harbor 
and Bar, made with special reference to 
works of permanent improvement, stated 
that a comparison of the chart of 1780, 
published in Des Barrés’ Atlantic Nep- 
tune, with those of 1821, 1825, and 
1851-52, ‘shows that according to the 
earliest records the bar of Charleston has 
varied comparatively but little in extent, 
direction, or in distance from the mouth 
of the harbor.’ 

“Measured along its crest, or line of 
least depths, the bar is ten miles in 
length, its north end on Sullivan’s Island 
being close up to the entrance or throat 
of the harbor, while its south end, rest- 
ing on Folly Island, is six miles distant 
therefrom. Its average width between 
the 18 foot curves is about 12 miles. 

“Tn many places the highest points of 
the bar are only 3 to 4 feet below the 
level of mean low-water, although the 
average depths along the crest are con- 
siderably greater. 

“The main central body of the bar, 
lying near due north and south, is nearly 
straight for a length of over five miles, 
has its crest parallel to the main shore 
south of the entrance and at a mean dis- 
tance of about two miles from it, and is 
not at the present time, and, so far as we 
know, never has been traversed by prac- 
ticable ship channels. 

“The northern and southern extremi- 
ties of the bar are formed by rather 
sharp curves, which connect the straight 
portion already mentioned with the shore 
above and below the harbor. 

“So far as we can now ascertain there 
appear never to have been less than four 
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nor more than six ship channels across 
the bar at any one time. The greatest 
|depth of water has sometimes been 
‘found in one channel and sometimes in 
another, being rarely less than 12 feet or 
more than 13} feet at mean low tide. 

“The channels, whether four or more, 
have always existed in two groups or 
clusters, one in the northern and the 
other in the southern curved portion of 
the bar, and there has always been a 
deep and broad anchorage inside the 
straight reach of the bar abreast of 
Morris Island. 

“This anchorage, sometimes called the 
‘main channel’ and sometimes the ‘outer 
harbor,’ varies in width from one-third 
to two-thirds of a mile between the 18 
foot curves, and in maximum low-water 
depths from 20 to 45 feet. The direc- 
tion of its central line is about north 
and south, and its length from the throat 
of the harbor between Morris and Sulli- 
van's Islands to its southern terminus, 
where it spreads out in various channels 
and shoals in crossing the bar, is fully 
five miles. At the extremities of this 
outer harbor or basin, several miles 
apart, are found the two groups of chan- 
nels already mentioned, the most norther- 
ly group being directly in front of the 
gorge of the harbor. 

“The bar is essentially a drift-and-wave 
bar, produced in part by the upheaving 
action of the waves when they approach 
the shore, and are converted by break 
ing into waves of translation, and in 
part by drift material carried along the 
coast by surf currents, especially by 
those produced by northeast storms. 
The peculiar location of the bar, largely 
to the southward of the gorge of the 
harbor, and the conditions under which 
a very large proportion of the ebb-flow is 
diverted from its most direct path, and 
forced to skirt the main coast for several 
miles before it can find a passage to the 
sea, indicate the controlling power of 
these storms. 

“The material composing the surface 
of the bar closely resembles that usually 
found on the sea shore between high and 
low water in that section of the country, 
being shells and fragments of shells, or 
silicious sand, or a mixture of them all. 
It is easily thrown into suspension by 
| waves, and is moved by a moderate cur- 
‘rent. 
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“On the north end of the bar five 
borings were made in order to determine 
the character of the substrata. 

“All the channels which traverse the 
bar are, and, so far as we know, always 
have been, ebb-tide channels, produced 
and maintained by the scour of the ebb- 
carrent, except Beach (formerly Maffitt’s) 
Channel, the most northerly of them all, 
which lies close to Sullivan’s Island. 
This is a flood-tide channel, possessing 
the usual characteristic of such channels, 
that their least depths are always found 
near their inner ends, and, therefore, in 
comparatively quiet water. Another dis- 
tinguishing feature of such channels is 
that from the cross section of shoalest 
soundings inward, toward the harbor, 
the descent into deep water is sharp 
and sudden, while outward, toward the 
ocean, it is gradual and gentle.” 


“Tt having been determined to begin 


the works by laying so much of the apron | 


foundation of the North or Sullivan’s 
Island jetty as the appropriation made 
June, 1878, would cover, a careful sur- 
vey for location was made of a strip or 
belt of the bar about 800 yards wide and 
5,000 yards long, extending from Sulli- 
van’s Island in a southeasterly direction, 
so located as to embrace the whole of 


the north jetty, even should it be deemed | 


expedient, in view of the additional in- 
formation recently obtained, 
largely to its length, and make very con- 
siderable changes in its location. 


“ The on extract from the speci- | 
fications which formed part of the con-| 
tract under which the work of 1878 was | 
executed, describes in general terms the | 
apron of the north jetty, according to | 
the original plan: 

“+A design for the apron has been | 


to add! 


|12 feet beyond the ends of the logs on 
either side, the projecting portion being 
closely confined and bound together so 
as to form a kind of mattress, As much 
brush should be used as the logs will 
bear up and float. Upon this wooden 
substructure, which will be at least 2 
feet thick, good soundstone of random 
sizes and of compact form, but none 
weighing less than 30 pounds, will be 
placed as compactly as possible. The 
depth of this bed of riprap stone will be 
24 feet for all that portion of the work 
that constituted a part of the stone su- 
perstructure and lies within the side 
slopes of the jetty, while a depth of only 1 
to 1} feet will be required upon that por- 
tion on either side which projects as a mat- 
tress beyond the foot of the side slopes. 

“ «The total length of the north jetty, 
according to the original plan, is about 
8,840 feet. This may be increased here- 
after. 

*<«The width of the log platform at 
any point will be regarded as the bottom 
width of the jetty at that point. As the 
apron progresses the pre-arranged widths 
may require a slight increase in conse- 
quence of scour in advance of the work. 
The greatest bottom width of platform 
will be about 92 feet, and the least will 
not be less than 33 feet. ‘The average 
bottom width may be a little greater or 
less than 52 feet, but for the purpose of 
bidders will be taken at 52 feet.’ 

“In November the contractors request- 
ed a modification of the specifications, 
/with respect to the method of making 
the mattresses, constituting the bottom 
| portion of the apron. They proposed to 
‘make the log platform 10 feet wider than 
the contract required, to omit the joints 
in the logs, and restrict the projection 
of the brush beyond the ends of the logs 
‘to 4 feet. 

“In forwarding this proposition for 


prepared in ‘this office, which is deemed the action of the Chief of Engineers, it 
suitable for the purpose. It consists was stipulated, with the contractors’ 
essentially of a platform of round logs | written consent, that the projecting 
from 11 to 12 inches in diameter, placed | brush was to be close and massive, al- 
and held close together, side by side, at | ‘though not formed into a mattress as in 
right angles to the axis of the jetty.) the omginal plan, that the quantity of 
The logs are to be as straight as can be|riprap stone used in the apron was to be 
procured, and those of about the same/ the same as specified in the contract, and 
size must be selected to go together. | that the cost of the work to the United 
This log platform is to be overlaid by a| States was not to be increased ; also, that 
compact layer of stout brush to a depth! none of the riprap stone was to be placed 
of 12 to 14 inches, projecting from 10 to | upon the projecting brush, all of it being 





distributed above and over the area oc- 
cupied by the log platform. 

“These proposed changes in the details 
of the plan were approved by the Chief 
of Engineers, under date November 13, 
1878. 

“A cross-section of the apron, accord- 
ing to the design as amended, is shown 
in Fig. 2. 

“The comparatively low bottom velo- 
cities of the ebb current observed on the 
seaward slope of the bar seemed to point 
to the necessity of giving the jetties 
greater length than that contemplated 
in the original project. 
best also to adopt a longer radius for the 


curved portions of the north jetty, and 


to carry the point of tangency between 
it and the straight portion farther to 
seaward. 


“Tt was determined to retain the orig- | 


inal point of departure from the line of 
ordinary high water on Sullivan's Island, 


and to carry out the jetty for a length of | 


8,840 feet, on an are of a circle described 
with a radius of 2} miles, so located that 
a straight tangent at the sea-end of the 
arc would have a direction about east 32 
degrees south. 


“The contractors, anticipating great 
difficulty in laying their work upon a 
shoal lying in the line of the north jetty, 
known as Drunken Dick Shoal, which is 
covered with breakers a great portion of 
the time, requested, under date April 21, 
1879, such a change in the location of 
the line of the jetty as would in effect 
divert it to the westward, thereby escap- 
ing a portion of the shoalest water, and 
diminishing the quantity of work to be 
put down in the breakers. 

“The work from the beginning had 
been laid upon straight ranges, or chords 
of 400 feet in length, and not upon the 
circular arc of 24 miles radius. By the 
change desired the line of the work, after 
completing the eighth chord, 3,200 feet 
from ordinary high-water mark on the 
shore, would continue on the straight 
prolongation of that chord for a distance 
of about 3,000 feet, or until Drunken 
Dick Shoal was crossed. This change of 
direction was approved for a length of 


2,000 feet beyond the eighth chord, leav- | 
‘some device may have to be resorted to 


ing it to be determined, when that limit 
shajl have been reached, whether the 
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It was thought | 


work shall be continued on the straight 
line, or on an are of 24 miles radius par- 
allel to the original arc, or otherwise. 


“The width of the log platform which 
forms the base of the structure varies 
from 43 feet to 66 feet. These widths 
include the 10 feet added in modifying 
the design as already noted, and, there- 
fore, exceed by that much the widths on 
which payments have been made. 

“The riprap stone is required by the 
contract to be sound stone of random 
sizes, but none weighing less than 30 
pounds. The maximum sizes were not 
specified, either by weight or dimensions, 
and the contractors assumed and insisted 
on the right to exclude heavy stones. 
The largest pieces are such as one man 
ean pick up and throw overboard from 
the scows used in conveying the stone 
to the jetty, while the smaller sizes run 
somewhat under the prescribed limit of 
30 pounds. As these latter, however, in 
great measure go to fill up the interstices 
between the large pieces, thus increasing 
the weight of the mass without materi- 
ally adding to its bulk or cost, no ob- 
jection has been made to their use to a 
moderate extent. 

“The frequent inspections that have 
been made do not show that any of the 
stone has yet been carried off the apron 
by the force of the waves, and perhaps 
no apprehension need be entertained of 


‘serious disturbance from this cause to 


any of the work already laid, unless it 
be on that portion put down in June, 
1879, on the inner slope of Drunken Dick 
Shoal, where the depth at mean low-tide 
does not exceed 8 to 8} feet. It seems 
hardly safe to assume, however, that 
stoneof such small sizes will continuously 
withstand the force of the waves on the 
crest and exterior slope of the bar. Not 
that there is likely to be any sudden 
movement of large masses, but that the 
waves produced by the prevailing heavy 
storms, those from the northeast, will 
carry the stones gradually, a few only, 
and for short distances at any one time, 
from the inner slope of the jetty to its 
crest, and thence over to the western 
slope. Large stones will have to be used 
for the upper portions of the work, and 


for holding them in place. 
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“The design of the apron is such that convexity turned away from the channel, 
the log platform which forms its base act as training-walls to guide the out- 
would be exposed to the ravages of the | | flowing water. The curved jetties, con- 
teredo unless covered with sand or other | vex toward each other, being less open 
material placed upon the ends of the | to this objection, are the ones adopted in 
logs, or accumulated there by the action | this project. 
of the currents, or by the settlement of “The north jetty starts from a point 
the structure. on Sullivan’s Island, 1,800 yards east of 

“An examination made on the 24th of Bowman's jetty. The half next the shore 
June shows that for a length of about | is curved to a radius of about 14 miles, 
1,450 feet from the high-water mark on | | the outer half being very nearly a straight 
Sullivan's Island, comprising all the line. The total length of this jetty, from 
work laid before the 4th of February, the C to X, is 7,450 feet, and its general 
apron is so well embedded in the sand as direction is southeast. 
to afford a complete protection to the, “The south jetty, having a_ total 
wood. length of 11,650 feet, from D to Y, starts 

“Most of the work laid in February, | from Morris Island at a point about 650 
and all laid subsequent thereto, is more yards from Cumming’s Point, its general 
or less exposed, and directions were given ‘direction being east. The shore end is 
near the end of June to cover the ex- curved to a radius of about 3 miles for a 
posed wood with riprap stone. little more than one-half its entire length, 

“No settlement of the work has been! while the half next the sea is nearly 
detected on any part of the line.” straight, as in the case of the north jetty. 

As set forth in a former report, the, “The specified length of the jetties is 
plan is stated in these words :— taken for purposes of discussion. As 

“It is proposed to construct two | will be seen hereafter, they would not be 
jetties, one springing from Morris Island |able to produce a channel of the re- 
and the other from Sullivan’s Island, “quisite capacity through certain materials 
converging toward each other in such ‘which may be encountered in the bar, 
manner that their outer ends on the) although they would be expected to 
crest of the bar shall be one-half to five-| maintain such a channel if once estab- 
eighths of a mile apart. The outer ends lished. 
of the two jetties will rest respectively, “The outer ends of the two jetties 
upon the shoals lying to the northward | slightly converge toward each other as 
and southward of what is known as the they approach the crest of the bar, and 
north channel, that being the middle are intended to act as training-walls for 
channel of the north group of three a distance, in each case, quite equal to 
channels, and having its line of deepest half its entire length. These portions 
water located, more nearly than either lie in the direction of the flood-currents, 
of the others, upon the prolongation of |and may be built to any height without 
the axis of deep-water flow through the| obstructing the inflow. For fully one- 
gorge of the harbor between Cumming’s fourth of their entire length the sea ends 
Point and Fort Moultrie. /could be carried above the level of high- 

“Assuming, for the purposes of dis- water, so as to be visible at all stages of 
cussion, the sea ends of the jetties to | the tide. The inner portions, crossing 
rest respectively at X and Y, it seems, in the Beach and main channels, respective- 
some measure, immaterial whether they ly, might perhaps be kept low enough to 
be established upon straight lines, as allow the smaller classes of vessels to 
shown at AX and BY, or upon curved pass over them. 
lines; and if curved, whether the con-| “One characteristic feature of the 
vexity be turned toward the central | design—that of low jetties—is intended 
channel, as at CX and DY, or from it, as to maintain the bar in its present gen- 
at EX and FY. In either case, if kept | eral location, with such moderate in- 
at the proper heights, they will produce | crease of magnitude as may be expected 
an ebb-flow through the gap able to) to result from concentrating, upon a gap 
maintain a deep channel through the| one-half to five-eighths of a mile in 
bar. Neither the straight jetties, how- | width, a portion of the water which is 
ever, nor, more especially, those with their ‘now dispersed over a width of 10 miles. 
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“The complete success of the works is 
believed to depend on three important 
conditions, which they are expected in a 
great measure to satisfy, and which have 
been kept in view in preparing the 
design, viz. : 

“1. They should not impede the in- 
flow to such degree as to prevent the tidal 
basin being filled, as now, at every influx 
of the tidal wave. 

“To this end the inner half of each 
jetty, more especially its central portion, 
located in deep water across the thread 
of the current, is kept several feet below 
the water. The outer half, being nearly 
parallel to the direction of the flow, is 
built higher, and the sea end, for a dis- 
tance of several hundred feet, may be 
carried high enough to be visible at all 
stages of the tide. 

“2. They should control the outflow to 
such degree, and in such manner, that a 
channel of the required depth will be 
maintained through the bar. 

“To this end, although a large por- 
tion of the surface flow will spread out 
over the tops of the jetties and thence 
over the bar, the central flow, through- 
out the entire depth along the axial line 
of the gorge between Sullivan's and 
Morris Islands, is aided in its natural 
tendency to reach the sea along the pro- 
longation of that line by the opening left 
for it between the jetties. The bottom 
flow through the gorge of the harbor is 
deflected on converging lines by the 
jetties, and is, therefore, forced in a 
measure to concentrate itself in, and flow 
out through, the gap between them. 
The outer half of each jetty, and the ad- 
jacent portion of the shore end act asa 
training-wall for this flow. 

“3. They should not, to any consider- 
able extent, cause a movement seaward 
of the main body of the bar, that is, the 
general position of the bar should be in- 
dependent of the effects produced between 
and beyond the heads of the jetties. 

“Tt is believed that this condition will 
be secured by making the shore ends of 
the jetties low for at least one-half their 
length, or throughout those portions 
which cross the thread of the current in 
deep water, so as to allow the tide to ebb 
and flow somewhat freely over them. 
The effect of high jetties, with a cor- 
respondingly wide gap between them to 
allow a full influx of the tide, would tend 
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to transfer the gorge of the harbor from 
its present position to the sea ends of the 
jetties and move the shore line out to 
that point, by causing a filling in of the 
‘exterior angles between the jetties and 
the shore. After reaching this stage, a 
drift-and-wave bar would probably be 
found to the seaward of the present bar, 
in front of the jetties, rendering it neces- 
sary to extend them, in order to cut a 
passage through it. 

“Tt seems essential, therefore, that the 
agencies which maintain the present bar 
should remain in as full force as possible, 
consistent with the requisite concentra- 
tion of outflow between the jetties. 

“The probable effects will be that the 
bar will be raised somewhat throughout 
its entire length, the waves will break 
upon it more frequently than now, and 
considerable shoaling will, of course, take 
place in Beach Channel and in all the 
southern group of channels. But it is 
believed that the important condition of 
‘keeping the bar generally in its present 
position will be secured. 

“The drift material carried along the 
coast by surf-currents, as wel] as the 
sand thrown up by the breakers on the 
north and south shoals, instead of lodg- 
ing in and filling up the exterior angles 
between the jetties and the shore, as in 
the case of high jetties, will be dis- 
posed of in a harmless manner. 
| “For example, a heavy northeasterly 
istorm, producing breakers along the 
‘north shoal and strong southerly surf- 
currents along the shores of Long and 
Sullivan’s Islands, would put in motion 
a large quantity of material, a portion of 
which would be carried in by the flood- 
currents over the north jetty and through 
Beach Channel, coming to rest in the 
deep water of the main channel. It 
would next be taken up by the ebb- 
current and rolled out to sea between 
the jetties. Beyond the jetty-heads it 
would encounter the littoral ebb-current, 
moving to the southward with a velocity 
accelerated by the storm, by which it 
would be again carried in a southwesterly 
direction, until, finally, left to the action 
of the south breakers, it would be either 
deposited temporarily upon the south 
shoal, or carried still farther to the 
southward. 

“The action of a southerly storm 
would be the reverse of this. In either 
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ase some drift-material would be carried 
by waves and surf-currents around the 
jetty heads, and would subside in the 
deep water between them, to be swept 
out by ensuing ebb-currents, and dis- 
posed of to the northward or southward, 
according to the direction of the storm. 

“This movement of sand was referred 
to in my report on the improvement of 
the Fernandina Bar, submitted April 15, 
1876, from which the following extract 
is made: 

“As a moderate assumption, a north- 
easter of three days’ duration might be 
expected to lower the north shoal four 
inches within the area covered by the 
breakers. The greater part of the eroded 
material, amounting to upward of 516,000 
cubic yards, would doubtless be dis- 
tributed along the south shoal during 
the progress of the storm. If the waves 
should subside, or a southerly or south- 
easterly storm set in before the bar 
channel had returned to its normal con- 
dition, the mate:ial subsequently carried 


‘the project of the engineer, because the 
useful life of his works is more or less 
| dependent thereon.’ 

_ “As no works can be expected to stop 
this movement of drift-material for any 
great length of time, they should, if 
practicable, accommodate themselves to 
it under conditions of a permanent char- 
acter. ‘Those proposed are designed to 
do this, by allowing the drift-sand to 
-move from one part of the bar to the 
other, in much the same manner as now, 
never remaining in the jetty channel 
longer than a few tides, and never find- 
ing a resting-place anywhere that the 
next storm may not disturb.” 

From the forthcoming report we learn 
that : 

“During the fiscal year just closed, 
the work of putting down the apron of 
'the North jetty was continued, and the 
construction of the South jetty was 
begun. 

‘The foundation matters of the North 
| jetty continued to be made after the modi- 











Fig. 2. 


out would not reach the south shoal, but 
in the former case would remain near the 
outlet on the outer slope of the bar, and 
in the latter would be carried back by 


the waves to the north shoal. If as 
much as one-fourth of it remained in the 
bar channel, between the inner and outer 
18-foot curves, a few severe storms, such 
as frequently occur within the period of 
a single month, would entirely destroy 
it, by filling it up to the level of the 
shoal on either side. 

“¢Tt would appear, therefore, that 
millions of cubic yards of the material 
composing the bar might be shifted back 
and forth from one side of the channel 
outlet to the other, during a single 
season, without causing injury to the 
channel by shoaling, and without produc- 
ing any changes in the form and location 
of the .bar itself that might not entirely 
escape the notice of the most careful 
surveyor. And yet this shifting of 
material, of which no evidence may be 
left behind, should enter as an im- 
portant, if not a controlling, function in 


fied design (see Fig. 2). Another modi- 
fication in this contract was made August 
19, 1879, under which a mattress was in- 
serted as a hearting in the rip-rap super- 
structure of the apron, in order to get 
increased height by the use of a material 
less costly than stone. 

“This second mattress, which is in all 
essential features like the lower one, has 
a prescribed thickness of 18 inches in 
the finished jetty, and is paid for in the 
work at the rate of $5 per lineal foot of 
mat, fifty-four feet wide, equivalent to 
$1.66% per cubic yard. When the bot- 
tom mattress has been sunk and loaded 
with stone to the depth of a few inches, 
as evenly distributed as possible, the 
second mattress is sunk in its place, and 
the balance of the 24 feet layer of stone, 
required by contract on the apron, is 
placed upon it. 

“The width of the second mattress is 
uniformly less, by 32 feet, than of the 
one at the bottom, in order that the rip- 
rap superstructure laid with flat slopes 
will cover it and protect the ends of the 
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| 
logs from the ravages of the teredo. | 
Less apprehension of injury from this 
cause is felt for the bottom mattress, for | 
the reason that from its position, direct- 
ly on the bottom, it is likely to become | 
quickly covered with sand whenever there 
is any tendency to fill at all. 

“When the apron of the North jetty 
had attained a length of about 5430 feet 
from the shore, in only 5 feet low water 
soundings on the inner slopes of Drunken 
Dick Shoal, work was suspended on ac- 
count of rough water and breakers, and 
resumed on the seaward slope of the 
shoal, at a point on the amended curve 
of location, leaving a gap of 1647 feet to 
be filled in hereafter. 

“Tf this shoal, which at present shows, 
on some portions of it at least, indica- 
tions of considerable stability, shall con- 
tinue to resist abrasion and wear, after 
the work on each side of it reaches the 
required height, there will be no special 
need of re-enforcing it, or of raising its 
surface artificially. If, on the other 
hand, it yields under increased currents, 
or wherever it does yield and wear away 
from any cause, increased depths will be 
the result, and the breakers will doubtless 
subside to such a degree that there will 
be no special difficulty in laying the work. 

“During a spring tide ef considerable 
range in the month of July, 1879, a large 
portion of the shoal was laid bare at low 
water, and part of a wreck which has 
doubtless been there for some years was 
discovered on it, indicating that the ma- 
terial of the shoal has considerable firm- 
ness and tenacity. 

“So far as known, this precise locality 
has never been examined by boring. 

“When work under the first contract 
was finished on the outer end of the 
jetty, the use of the second mattress, 
which is not adapted to the thin courses 
of the later contract, was also discon- 
tinued. 

“The prosecution of work upon the 
North jetty since the 10th of May, and 
upon the South jetty since the 23rd of 
April, has been in conformity to a con- 
tract dated September 6, 1879. 

“Under this new contract the engineer- 
in-charge has the power to regulate the 
height of the jetty by laying it in one or 
more courses, and the work can be pros- 
ecuted by extending the North jetty, and | 
raising it higher at certain points, and! 





IMPROVEMENT OF RIVERS AND HARBORS. 


by beginning the construction of the 
South jetty. 
“Among the specifications of the con- 


| tract for the work to be done this year is 


one for mooring chains of wrought iron, 
to be afterwards used in securing the 
top layers of stone on the finished jetty, 
against removal by the waves, will be 
attached to the logs of certain mattresses 
at intervals of 40 to 50 feet along the 
line of the jetty where most exposed to 
the force of the waves. The lower end 
of each chain terminating in a ring will 
be supported by a buoy, spar, tripod or 
otherwise, so that it will not become 
covered up with stone, and can be found 
at any time. The chains will be galvan- 
ized in the best manner. 

“These galvanized mooring chains 
will be what is» known as chain cables, 
and will be of such sizes, not less than 1 
inch, nor more than 1} inches in diam- 
eter, and of such lengths, and attached 
tosuch mattresses, and at such distances 
from the sides thereof as the engineer-in- 
charge shall direct. 

“A second course will probably be 
placed on some portions of both jetties 
before, or during the coming Autumn. 

“Tt is not the present intention to give 
the base of the south jetty, during this 
fiscal year, its full width where it crosses 
the main ship channel in about 40 feet 
low water soundings. It seems desirable 
that as great height as possible should 
be gained in this deep water with the 
funds now available, and the work will 
therefore be laid in two or more courses, 
the bottom one being about half the re- 
quired width. It is possible that the 
sand will fill in se rapidly that the full 
width of base adapted to this great depth 
will not be needed. When the bottom 
course, rising to a height of about 2 feet 8 
or 9 inches has ceased to accumulate sand, 
the second course will be laid, and after 
that perhaps a third course in some 
places. 

‘An inspection was made a few days 
before the close of the fiscal year, of the 
entire line of work on the north jetty. 
No settlement was detected in any por- 
tion of it, except in the deep water of 
Beach Channel, where for a length of 
200 feet a subsidence seems to have taken 
place varying from 1 to 3} feet, the im- 
mediate cause of which has not been as- 
certained. 
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“On that portion between Drunken j _jetty, however, a marked increase of 
Dick Shoal and Sullivan's Island, the | depth, amounting to three feet, over 
considerable areas, has taken place dur- 
‘ing the past year, which is to be at- 


ends of the logs are reported to be well 
covered with sand, except when the low 
water depth does not exceed 8 feet. 
former examinations the timber even in 
this shoal water was found to be covered. 


The cause to which its present exposure | 


is to be attributed, eannot be positively 
stated. 

“South of Drunken Dick Shoal the 
ends of most of the logs remain uncover- 
ed, and exposed to the ravages of the 
teredo. 


On 


tributed to the direct action of the jetty. 
The changes were more rapid as the 


jetty advanced. The effect has been to 


“Tt is proposed to cover all the exposed 
timbers with rip-rap stone, and steps | 
| shoal, with ballast stone and brick-bats ; 
‘but the sand eventually collected along 


have been taken to procure it as soon as 
practicable. 

“Tt is found that sand accumulates 
very slowly around the ends of the logs, 
on the south jetty. 
ported there. 

“ A few months before the close of the 
fiscal year, I had an opportunity to ex- 
amine the shore end of the north jetty, 
at an unusually low stage of water, and 
I found that the rip-rap stone, placed 


there 15 months before, had become so} 


firmly cemented together with barnacles 
and other shell-fish accretions, as to ren- 
der the mass remarkably dense and com- 
pact. 


“Tt seems quite improbable that the 


stone, even on the most exposed part of 


No settlement is re-| 


move the inner end of the swash channel 
northward. It may be expedient to 
assist, by dredging, this developed ten- 
dency to scour along the line of the pro- 
posed channel, when the time for such 
auxiliary work shall have arrived. 
“During the month of June, 1879, 
arrangements were made to cover the 
exposed logs, north of Drunken Dick 


the margin of the work sufficiently to 
afford the requisite protection. Only 18 
cubic yards of brick and stone were 
placed on the work under this agree- 
ment. 

“ During the present fiscal year, it is 
expected that both jetties will be ex- 


tended, and, in some places, raised to a 


the work beyond the bar, will ever be’ 


washed off or moved by the waves, if it 
can once be consolidated in this manner 
by the molluscan growth of a single 
summer. 

“Tt may be hoped, therefore, that re- 
course tothe mooring chains, for holding 
a line of large stones, linked together 
along the crest of the work, for which 


'the actual amount of its coal, 


provision was made in the contract, will | 
| with respect to the size of some of the 
seams it stands pre-eminent in the his- 


not be necessary. 
“The work has not yet reached that 


stage when increased depths can be ex- | 


pected in the swash channel, which, oc 
cupying the proposed gap between the 
two jetties, is, nominally, the one to be 
improved. 

“ But it is neither expected nor de- 
sired that the improved channel will 
occupy the line of the present one. It is 
a crooked channel lying at an average 


distance of not less than 1,400 feet “—< | material, 


the line selected for the North jetty. 
the shoals lying between it and that 


n| 


higher level under the existing contract, 
and others to be entered into hereafter, 
by methods the same, or substantially 
the same, as those hitherto followed ; 
and, if deemed advantageous, some 
dredging will be done by the United 
States dredge steamer ‘ Henry Burden,’ 
along the line of the proposed channel.’ 


——_—~e@poe——— 


Coat 1s Invpia.—Theodore W. H. 
Hughes begins a paper on the coal 
fields of India by saying: “It will 
doubtless surprise many to learn that 
both in the superficial extent of its coal 
measures and associated rocks, and in 
India is 
surpassed by few countries, and that 


tory of mining.” Even the United 
States cannot boast of seams 100 feet, 
120 feet and 160 feet thick, like some 
that occur in Bengal. He calculates 
that the coal fields of India cover 35,000 
square miles, and according to esti- 
mates drawn up by Dr. Oldman there 
eannot be less than 20,000,000,000 tons 
of coal in the Empire. Much of the 
however, is of an inferior 
quality and fit only for very rough use. 
—L' Ingen. Univ. 
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VALUE OF THE STUDY 


OF THE MECHANICAL 


THEORY OF HEAT. 


By ALFRED R. WOLFF, M. E. 


A Paper read before the American Society of Mechanical Engineers, November 5th, 1880. 


In presenting a few remarks on the 
Value of the Study of the Mechanical 
Theory of Heat, Iam imbued with the 
knowledge of two facts: of the import- 


I 


signed to do the desired special works 
or, in other words, to that department 
which relates to the generation of the 
working fluid or motive power, and the 


ance and value of the study on the one| work performed by the medium of such 


hand, and of, in general, a lack of proper | fluids in prime movers. 


appreciation among engineers of this 
point on the other. There are doubt- 
less few among educated engineers 
who would not admit that the acquisi- 
tion of any form of knowledge is of 
value, not only as a training of the mind 
but as an addition to our understanding 
of the laws and working of the universe 
and mankind; few who would deny that 
the study of literature, of social or 
politico-economic sciences would be of 
benefit to them, though of limited influ- 
ence in the practice of their profession. 


From personal experience, as well us 
from the experience of others, I am led 
to believe that engineers, as a class, look 
upon the knowledge of the mechanical 
theory of heat not much unlike than that 
of the department of “ belles-lettres,” as 


possibly adding to refinement, to a 
broader view of things in general, to a 
fair drilling of ‘the mind, but of no prac- 
tical or only slight practical value in the 
ordinary, or even extraordinary, exercise 
of their profession. I am not prepared 
to say that were the grounds above 
enumerated the only ones upon which 
the study could be urged, that a strong 
argument in favor of its more general 
introduction could not justly be main- 
tained; but this question does not arise 
since the more general introduction of 
the science can be presented to the engi- 
neer on the ground of direct, practical 
utility, for the purposes of correctly 
appreciating and increasing the effi- 
ciency of a large department of his pro- 
fession, that department which treats of 
the transformation of the latent or 
active forces or powers of nature in a 
form suitable for application as motive 
power for utilization in machinery de- 





It is on this 
ground that I would urge the more 
general acquisition of the science of 
thermo-dynamics, and to insure concise- 
ness as well as a ready conception of my 
views, I will only briefly outline the 
thoughts, giving as it were their direc- 
tion, and leave it to you to give them 
force, that is, to develop them more 
fully as your own understanding and 
experience will best suggest. 
Thermo-dynamics or the Mechanical 
Theory of Heat is, as the name implies, 
the science of the laws of heat consid- 
ered as a form of energy. It is based 
upon two great, general laws, the one 
that all forms of energy are mutually 
convertible in certain exact, invariable 
equivalents, the other that the quantity 
of energy in a homogeneous substance 
is equal to the sum of the energy of its 
component parts, and that equal parts 
of a homogeneous substance when 
undergoing a change of, or exerting, 
energy undergo like changes, and exert 
like effects. The application of these 
two fundamental laws of energetics to 
heat constitute the determination of the 
two general laws of thermo-dynamics, 
which are the basis of the whole science, 
and of which the science is in fact but an 
extension and application to forms of 
heat energy, latent or active, met with 
in nature and valuable in practice. For 
after all what is theory but practice 
reduced to a connerted system of laws 
or principles. Without facts, without 
phenomena, in short, without practice as 
a foundation, how could theory ever be 
conceived or established? In ordinary 
discussion but little attention is paid to 
the distinction between theory and hypo- 
thesis, and nothing has proved more dis- 
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astrous to a general appreciation of 
theory than the repeated misuse of the 
term. Theory is based on facts, hypo- 
thesis on speculation, hypothesis changes 
to theory when speculation changes to 
facts. The two special laws of thermo- 
dynamics, upon which the whole science 
is elaborated, to which we refer are: 
that heat is convertible to other forms 
of energy in the relation of what is 
known as Joule’s equivalent, that is, 
that one thermal unit (the quantity of 
heat required to raise one pound of 
water at 39.4° Fahr., one degree in 
temperature) is equal to the energy re- 
quired to raise 772 Ibs. 1 foot, or that 
772 lbs. falling 1 foot will develop suffi- 
cient heat to raise 1 lb. of water at its 
- greatest density 1 degree. The second 
is that if the total actual heat of a homo- 
geneous and uniformly hot body under- 
go a change or exert energy, equal parts 
of the body will undergo equal changes 
and exert like effects, the sum of the 
effects of the component parts being 
equal to the total effect. This law is 
more popularly identified in the form of 
Carnot’s theorem, a special application 


to heat engines, that g—g, or t-T 


T 


is the limit of efficiency of such engines, 
and that the test of a perfect engine is 
its reversibility. g and T represent re- 
spectively the quantity of heat and abso- 
lute temperature of the (any) fluid when 
leaving the generator, and g, and T,, 
respectively, the quantity of heat and 
absolute temperature of the fluid when 
given off to the refrigerator; g—g, when 
entirely converted into useful work caus- 
ing the engine to become theoretically 
perfect. 

The above outlines the foundation and 
framework of a great science. It is 
strong and simple, and in its strength 
and simplicity beautiful. The structure 
and superstructure are equally strong, 
equally beautiful, but not, however, 
equally simple. If this were the case 
there would be little need of the pre- 
sentation of papers of this kind, for the 
great value of the science would be uni- 
versally acknowledged. It is a common 
experience that the mass of mankind 
primarily pronounce that which is diffi- 
cult to attain as not worthy of attain- 
ment, primarily too often look upon 
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| those who have mastered the difficult 














with scornful or doubting eye, until the 
achievement of the difficulty by the few 
has brought forward such valuable re- 
sults, such striking truths, so influences 
the ordinary experiences and our con- 
ception of facts in nature or in our pro- 
fessions, that the worthiness and value 
of the attainment can no longer be 
denied and must be definitely accepted. 
That point has now undeniably been 
reached in thermo-dynamics, and the 
sooner we concede it the better. The 
sooner we admit that we must study and 
explore the science of heat energy in its 
higher form, the sooner will we advance 
in our profession and contribute to its 
progress. It will be my aim to recall a 
few of the practical applications in engi- 
neering of the principles which thermo- 
dynamics has established, and thus to 
give an illustration or rather indication 
of its value. But before doing so to be 
strictly conscientious, I must refer to 
the difficulties to be met with in the 
study in its higher form. Professor 
McCulloch says: “Any one acquainted 
with only the elements of analytical 
geometry, and of the fiuxional calculus, 
should find no difficulty in understand- 
ing all it contains. In this country, 
however, scientific education, as well as 
classical, has unfortunately retrograded ; 
and superficiality is the fashion of the 
day. Hence, some anxious for scientific 
knowledge, with the least labor and in 
the shortest time, imagine it might be 
well in scientific literature to dispense 
with the caleulus. To them no better 
advice can be given than to begin by 
studying it thoroughly, if they would 
reasonably hope ever to comprehend 
much which would otherwise be unin- 
telligible.” 

These elements, however, must be 
firmly fixed in the mind, and thermo- 
dynamics may justly be considered a 
thorough test of such a knowledge. 
When beginning the study of the sub- 
ject, I thought I had fairly mastered 
ealeulus, while engaged in its acquisi- 
tion I found I was a mere novice, and 
such too has been the experience of a 
few of my friends who have already pro- 
gressed and done good work in the 
science. But let us not be deterred 
from the acquisition of a valuable sub- 
ject because of its difficulty. This 
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really incites a person to a hard effort,| pressure, and discovered certain laws 
and the gratification which the master-| relative to the same, that the specific 
ing of an important point gives, forms) heat of such a gas is independent of its 
an incentive to further advance which | temperature and density, and the pro- 
acts more potently than the repulsive | duct of the density and the specific heat 
part of the difficulty. Let us not accept|is the same constant for all permanent 
the valuable principles reached without) gases. From the velocity of sound, 
making at least an honest effort to follow | independent of the principles of thermo- 
the masters who have discovered them, dynamics, the specific heat at constant 
and thus make the principles in reality; volume for a permanent gas can be 


our own. But if our comprehension and | 


efforts will not permit us to do this, let 
us not cry down the methods by which 
they were attained, and let us study the 
principles themselves thoroughly. 

There is a wonderful harmony in 
nature—without it all scientific research 


determined, and these two quantities 
when substituted in an equation of the 
theoretical value of the mechanical 
equivalent of heat, expressed as a fune- 
tion of the pressure, volume, dilatability, 
and the two specific heats of a permanent 
gas give for this equivalent a theoretical 





would be of no avail. There are certain value which agrees with that practically 
great invariable laws, some determined | determined by Joule, and recently veri- 
and many more not yet conceived, but in | fied by Professor Rowland. I need not 
our faith in and knowledge of the relia- | dwell upon the mathematical exposition 
bility of those laws exists the only safe-| of this, but reference to Stewart (“ Ele- 
guard of advance. This opens up that | mentary Treatise on Heat,” pages 330 & 
large realm of reasoning known as “by | 412), Maxwell (“Theory of Heat,” pages 
analogy,” and enables us to determine | 169, 228, & 310), Cotterill] (“The Steam 
thus, and by analysis, laws which are, Engine Considered as a Heat Ma- 
not directly determinable from our prac- | chine,” page 82) McCulloch (“Mechanical 
tical experiences or observed phenomena. | Theory of Heat,” page 92) and Rankine 
Heat, the observed and usually acknowl- | (“Steam Engine,” page 321) will serve 
edged primary physical source of all | as a verification of the above summation. 
energy (though gravitation might on| Permit me to call your attention to this 
some good grounds be selected as our| remarkable agreement between theory 
present ultimatum) beautifully illustrates ‘and practice. The specific heat at con- 
this harmony when considered as energy, | stant volume is not directly determin- 
and thus prescribes laws which are after-| able from experiment, so it is developed 
wards varified in practice, and to which from the velocity of sound, and substi- 





practice conforms and becomes the em- 
bodiment of. This is the strongest plea 
which it seems to me can be urged for 
the careful study of the mechanical 
theory of heat, and we will attempt to 
point out some of the work which has 
been done in this respect, and leave it 
to your judgment to decide whether a 
science which has already accomplished 
so much is not capable, when many able 
minds are devoted to its study, of an 
application and extension which is and 
will be of incomprehensible value in the 
ordinary practice of the engineer, and 
which will greatly contribute to the 
advance of mechanical engineering. 

The specific heat at constant pressure 
of any permanent gas can be ascertained 
directly by experiment, not so the spe- 
cific heat at constant volume. Regnault 
has made accurate determinations of the 
specific heat of such gases at constant 


'tuting these two independent experi- 
‘mental data (the two specific heats) in a 
theoretical equation not involving a 
previous determination of the mechani- 
cal equivalent of heat, we ascertain such 
equivalent from correct theoretical con- 
siderations, and it accords with the 
experimental determination. What a 
beautiful demonstration of the correla- 
‘tion of the different laws and facts of 
‘nature do we here perceive exemplified. 
But this will appear rather as an illus- 
tration of the beauty and symmetry of 
the science than as a presentation of a 
\fact of direct utility to the engineer in 
the practice of his profession, and since 
it is my special object to call attention 
to a few of the latter class of facts, I will 
have to omit the mention of the interest- 
ing relations between the physical prop- 
erties of bodies, such as between the two 
elasticities and the two specific heats, 
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gaseous viscosity and the molecular| water of condensation is formed and the 
theory of the constitution of bodies, all action continues as indicated above. 
of which the science teaches and will at| Several methods of decreasing this 
once refer to its main application for loss presented themselves: 
our own purposes, the work of fluids in| 1. The introduction of the compound 
engines. It is in this department of our engine which dividing up the range of 
profession that thermo-dynamics has'| temperature between admission and 
made the deepest impression in practice, | final exhaust, in two or more stages, 
and is destined to continue it to a far causes less difference in each cylinder, 
greater extent. It has taught us the | and therefore decreases the loss by con- 
different laws of expansion and work of | densation while again the heat abstracted 
fluids, and has supplied us with the from the first cylinder at exhaust be- 
proper test of the efficiency of different | comes available in the second cylinder. 
T_T 2. The use of the steam jacket which 
forms of engines. —,—', the limit of tends to keep the metal of the cylinder 
T at uniform temperature and thus prevent 
efficiency has enabled us to correctly |the initial condensation of steam, and 
appreciate the progress made, and to | to supply heat to the steam in the cylin- 
definitely point out the direction in| der to prevent condensation during ex- 
which the advance in efficiency and per- | pansion. 
fection of heat engines lies. To increase 3. The introduction of a great number 
the theoretical efficiency, T, the tempera-| of strokes per minute so that less time 
ture of the fluid at its entrance to the/ will be accorded to the steam to impart 
cylinder should be raised, and T,, the| heat to the metal of the cylinder and to 





temperature at exhaust lowered as much | 
as possible. 

The application of this principle to| 
steam engines implies high steam press- | 
ures and great expansion. This was 
tried within certain limits, and the bene- 
ficial results looked for were not realized 
to the extent expected. The theory was 
still recognized as true by those who 
grasped it, but the practical results had 
not conformed to their expectations. 
The nature, laws and action of steam 
were thoroughly investigated, and it 
became apparent that condensation en- 
sued, owing to heat consumed for in- 
ternal work during expansion and to the 
detrimental action of the metal of the 
cylinder. When the steam enters the 
cylinder (of a lower temperature than 
the steam at its initial pressure) it gives 
out heat to the metal of the cylinder, 
and to do this sets free latent heat, 
causing water of condensation to be 
formed. When the steam in the cylin- 
der expands it performs internal as well 
as external work, and becomes partially 
liquefied; as the steam leaves the cylin- 
der, rushing into the condenser, the 
water mixed with the steam evaporates, 
abstracting additional heat from the 
metal of the cylinder. When a fresh 
volume of steam of initial pressure now 
enters the cylinder, it comes in contact 
with the metal of lower temperature, 





abstract heat during exhaust. 

4. The use of superheated steam, since 
it can emit heat when being admitted to 
a cylinder of lower temperature without 
causing water of condensation to form at 
entrance or during expansion. 

Neither of the first three remedies 
proves entirely efficacious in practice 
while all have greatly reduced the loss 
from condensation. An intelligent study 
of the theory of heat will show, however, 
that the latter is the only one which 
offers the possibility of entirely prevent- 
ing condensation. Perhaps it will need 
some explanation why the steam jacket 
can never entirely prevent this loss. It 
is owing to the fact that the transfer of 
heat from the steam in the jacket is not 
as rapid as the transfer of the heat from 
the internal sides of the eylinder to the 
steam in cylinder, that the steam on 
entering the cylinder heats up but a 
small thickness of metal to its own tem- 
perature, owing to the comparatively 
poor power of conduction of iron. And 
the steam in the jacket, similarly, heats 
up to its own temperature but a small 
thickness of the metal of the cylinder 
immediately in contact with it; in brief, 
the poor heat-conducting power of iron 
does not allow the transfer of heat from 
the steam in jacket to the steam in 
cylinder to be practically instantaneous. 

There may be some who are opposed 
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to the embiotion of the high speed (as 
they are popularly termed) or rather 
“high revolution” engines. But what- 
ever be their practical defects—and they 
possess some mechanical advantages that 
we are inclined to think more than 
counter-balance those defects—the prin- 
ciple is in the right direction, and al 
ready splendid workmanship and refine- 
ment of mechanism and machinery 
tends to confirm the value theory ac- 
cords the system. 
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not be discovered that will enable us to 
extend the limits of temperature between 
which the fluid can expand in a cylinder, 
and thus utilize by far the greater por- 
tion of the latent power which nature 
has presented to us in her stores of 
fuel! 

But it may be said: The advances, 
pointed out above, in the efficiency of 
engines have not in all cases been insti- 
tuted by those who have mastered the 
mechanical theory of heat, and the 


We will now briefly refer to the use of | advances, therefore, are not in all cases 


air. 
superiority to steam. Its permanently 
gaseous nature enables it to expand 
without doing internal work, and its 
temperature can be raised to a high 
degree without the objection of a high 
pressure difficult to control. But prac- 


Thermo-dynamics demonstrates its the result of the study of the subject. 


This is partially true, that is while, as 
far as I can learn, no advances have been 
secured in the efficiency of heat engines 
(not including, of course, reduction of 
friction and better mechanism for trans- 
forming the rectilinear motion of the 


tically the few air engines built have as piston) by men who have not been 
yet not proved a decided success, owing intimately acquainted with, at least, the 


to the difficulty of obtaining a rapid con- 
nection of heat to and from the air 
employed, and the necessity of a larger 


cylinder than is needed ‘for a steam |cal form. 
Again, very |and define the advance, the theory of 


engine of the same power. 


fundamental principles of heat energy, 
they have not in all cases mastered the 
whole subject in its highest mathemati- 
But to correctly appreciate 


high temperatures of the air cause no | heat energy has always been called into 


inconsiderable strains due to irregular 


expansion of the metal and a slow oxida- | 


tion of the metal as well. And so with 
other forms of fluid engines. Practical 
difficulties and obstacles have not always 
permitted the rigid teachings of thermo- 
dynamics to be precisely realized, though 
they have in most cases served as an 
exemplification of its truth. But 


as | 


long as we have the laws of the mechani- | 
‘experience of others, the other by ac- 


eal theory of heat to teach us where the 


possibility of or road to progress lies, | 


better steam and better air and better 


gas and better fluid engines will in time | 


be built. Even with 
materials at present known, the per- 
formance of engines are capable of being 
doubled, a result by no means too trival 
to make an honest effort to master the 


the fluids and | 


| 


principles which will aid us in securing | 
this end. But who would dare to say in| 


an age when Professor Crookes fourth 


play, and if our progress in the efficiency 
of heat engines has not been as rapid as 
we might have desired, and is not as 
rapid at the present time as desirable, it 
is owing to a lack of knowledge and 
understanding of the subject under dis- 
cussion by some of our more brilliant 
and experienced minds. There are two 
methods of gaining knowledge. One by 
acquiring the laws and results of the 


quiring the laws by our own experience. 
Both constitute the acquisition of prin- 
ciples or theory. Both have their uses. 
But it is a loss of time and it is at the 
expense of many failures and disappoint- 
ments which do not contribute to real 
advance, if we arrive at the same princi- 
ples by such failures that others have 
reached before us by whose experience 
we might have profited. When we have 
acquired the knowledge of the work that 


state of matter opens up realms of in-| others have done, we are prepared to 
vestigation undreamt of, and when Pro-| make further progress, and if the diffi- 
fessor Bell’s discovery of sound trans- | culties and obstacles multiply we will be 
mitting rays of light potently reminds | ‘fairly equipped and fully encouraged to 
us that we are but at the threshold of | meet them. If we then experience fail- 


our understanding of the. laws of the | 


ures, they will contribute to real advance 


universe, who would dare to say that ‘instead of demonstrating a fact or law 
new fluids, materials and conditions will ' which had already been acknowledged, 
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and which it was within our power and 
province to know. Thus too will in- 
dorsement of, and investment of capital 
in, prime movers, advertised as realizing 
fabulous power be avoided, since our 
knowledge of the laws of thermo-dyna- 
mics will have acquainted us with the 
principles of the conservation of energy, 
the impossibility of transgressing cer- 
tain limits, and will, therefore, indicate 
or demonstrate the fallacies of the pro- 
jected scheme. 

In conclusion, I must say that I am 
aware that full justice has not been done 
to the theme under discussion, nor can, 


in my opinion, full justice be done to so 
grand a theme within the limits of a 
paper of this kind. A complete treatise 
would have to be written to demonstrate 
its true importance, and some work like 
that of Rankine is the best verification 
of the actual value of the science, and in 
its study does this value become most 
potently apparent. 

But if I have been able to convince— 
say, one of you, heretofore uninterested, 
of the vitality of the study, I will feel 
amply compensated, and will offer no 
apology for my enthusiasm in the 
cause. 








THE GEOMETRICAL INTERPRETATION OF IMAGINARY 
QUANTITIES. * 


Translated from the French of M. Argand by Prof. A. S. Hardy. 


Contributed to Van NostTRAND’s ENGINEERING MAGAZINE. 


PREFACE. 

Tue work now republished f is of that 
small number which mark an epoch in 
the history of science. In this short 
treatise is found the germ of the true 
theory of so-called imaginary quanti- 
ties. Although generally attributed to 
the genius of Gauss, this theory was not 
pointed out by that great geometer until 
twenty-five years after the publication of 


Argand’s work,{ and it had been mean-_ 


while re-discovered severa] times in both 
France and England. On this point we 
can cite no testimony more convincing 
than that of a German geometer, whose 
recent death is deplored by science. 
Says Hankel,; “the first to show how to 
represent the imaginary forms A+ Bi by 
points in a plane, and to give rules for 
their geometric addition and multiplica- 
tion, was Argand, who established his 
theory in a pamphlet printed in Paris, in 
1806, under the title ‘Hssai sur une 
maniére de representer les quantités im- 
aginaires dans les constructions géoméet- 
riques. Yet this paper did not meet 





* Essay on the Geometrical Interpretation of Imag- 
inary Quantities, by R. Argand. Second edition with 
——— by M. J. Hoiiel, and extracts from the Annales 

e Gergonne, Paris, Gauthier-Villars, 1874. From the 
French, by Prof. A. S. Hardy, Dartmouth College. 

+ 1st edition, Paris. Duminil-Lesueur, 1806. 

a Anzeige zur ‘‘ Theoria residuorum biquadraticum 


da,”’ 1831 (Gauss Werke, t. II, p. 174). | 





§ Vorlesungen uber die complexen Zahlen und ihre func- 
tionem. (Leipzig, 1867, p. 82). 


|with public recognition until after the 
insertion of a note by J. F. Francais, in 
the Annales de Gergonne, Vol. IV, 1813, 
1814, p. 61, in which, at the same time, 
Argand* also published two articles. 
In these articles the subject was so 
exhaustively treated that nothing new 
has since been found to add to them, 
and, unless some older work is dis- 
covered, Argand must be regarded as 
the true founder of the theory of com- 
plex quantities in a plane. 

Ps s In 1831, Gaussf devel- 
oped the same idea, as is well known; 
but, however great his merit, as bring- 
ing this idea to the notice of science, it 
is none the less impossible to claim for 
him priority.” 

From this accurate historical résumé, 
it is seen that the work of Argand 
remained almost wholly unknown, hav- 
ing been distributed but to few persons, 
and not put in general circulation. 
Seven years later, Francais, an artillery 
officer at Metz, sent to the Editor of the 
Annales the outline of a theory whose 
‘germ he had found in a letter written to 
/his brother by Legendre, the latter hav- 
ling obtained it from another author 
‘whose name he did not give. This 


article came to the notice of Argand, 





| ~ * Vol. IV, p. 183, and Vol. V, p. 197. 
+ Works, Vol. Ll, p. 174, 
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who immediately wrote Gergonne a note 
in which he made himself known as the 
author of the work cited in Legendre’s 
letter, and in which he gave quite a 
complete summary of his pamphlet of 
1806. This double publication gave rise 
to a discussion in the Annales, in which 
Francais, Gergonne and Servois took 
part, closing with a remarkable article, 
in which Argand explained more satis- 
factorily certain points in his theory, 
especially his demonstration of the 
fundamental proposition of the theory 
of algebraic equations, the simplest yet 
given, which subsequently Cauchy only 
reproduced, in a purely analytic, but less 
striking, form. ‘These various articles, 
the natural sequel to Argand’s pamphlet, 
published in a eeuei/ now very rare, 
are collected in an appendix to this 
volume. Notwithstanding their appear- 
ance in a scientific journal so well 
known, the views of Argand were wholly 
unnoticed, as appears from the fact that 
twenty-two years after the publication of 
the essay they were re-stated both by 
Warren, in England, and Mourey, in 
France, apparently without any knowl- 
edge on their part of their earlier expo- 
sition. Nor did they themselves succeed 
in attracting the attention of geometers, 
although the researches of Mourey were 
given in the Lecons d’ Algébre by Lefcb- 
ure de Fourey, and two articles, sup- 
plementary to his first work, had been 
published by Warren in the Philosophi- 
cal Transactions. Only after Gauss had 
spoken, were these views taken up in 
Germany. They soon became familiar 
to English geometers, and were the 
starting point of Hamilton’s theory of 
Quaternions, while, in Italy, Bellavitis 
made them the basis of his Méthode des 
Equipollences.* In France, Argand’s 
theory was worked over, without material 
addition, till its adoption by Cauchy, 
who expounded it in his Frercices 
d Analyse et de Physique mathémati- 
que,t with a complete historical notice 
rendering Argand full justice. 

In the work of this modest savant of 
Geneva is to be found the origin of 
many subsequent researches, some of 
which have thrown unexpected light 
beth upon the mystery which has so 





* Exposition de la Methode des Equipollences Guisto 
Bellavitis. Traduit de l’Italien par C. A. Laisant, Paris. 
Gauthier-Villars, 1874. 

+ Vol. IV, p. 157. 


Vol. XXIV.—No. 1—2. 


long enveloped negative and imaginary 
quantities, as well as upon the general 


theory of functions, by affording a defin- 
ite geometrical interpretation. Others, 
as yet of less importance, but perhaps 
destined in the future to render great 
services, have resulted in the creation of 
new methods in analytical geometry, 
among which may be cited those of 
Mobius, Bellavitis, Hamilton and Grass- 
man. Unable to avoid the constant 
presence of negative and imaginary 
quantities in the results of analysis, or 
to surrender the important advantages 
following the use of their corresponding 
symbols, mathematicians had for a long 
time been content to employ them with- 
out fully accounting for their true 
nature, regarding them as signs of oper- 
ations which in themselves had no mean- 
ing, yet which, under certain rules, led 
surely and directly, though in an obscure 
and mysterious manner, to results which 
other quantities would not have yielded, 
except indeed by long and difficult pro- 
cesses, involving the discussion of an 
indefinite number of particular cases. 
It is at last seen, however, that the 
impossibility of negative quantities is, in 
general, only apparent, and results from 
a generalization of the idea of quantity 
without any modification of the corre- 
sponding analytical operations. An 
analogous case is found in the very ele- 
ments of arithmetic, which, however, has 
given rise to no difficulty. The opera- 
tion of division cannot be exactly per- 
formed if we are restricted to whole 
numbers. But if unity be divided into 
equal fractions, the division is always 
possible, and the result becomes a 
complex expression, consisting of two 
numbers, one indicating multiplication, 
the other division. Hence arises a new 
class of quantities, fractions, subject to 
operations to which are applied the same 
names given to the operations on inte- 
gers, which they include ag particular 
cases. But the definitions of multipli- 
cation and division have been therefore 
carefully madified, to render them appli- 
cable to the new quantities. By pro- 
ceeding in an analogous manner in addi- 
tion and subtraction, the meaning of a 
negative quantity. has been definitely 
fixed. So long as the problem is re- 
stricted to the simple determination of 
magnitude, the subtraction a—é is im- 




















18 
possible and absurd, if d>a. But if, 
instead of a series of magnitudes, ex- 
tending from zero in a single direction, | 
we are concerned with a series extending | 
indefinitely in two opposite directions, 
and if we call addition an operation 
which consists in starting from a certain 
quantity in one of these two directions, 
and subtraction an inverse operation, 
consisting of motion in the opposite di- 
rection, thus defined, both operations 
will be always possible and their results 
as real as those of a purely arithmetical 
addition. 

To represent these results in a simple 
manner, we are led to write before the 
symbol, representing any quantity, a sign 
indicating the direction in which it is 
estimated. Such is the true meaning of 
negative quantities. 

This extension of the meaning of quan- 
tity and of the operations to which it is 
subjected, may be carried still further. 
But this further representation of quan- 





tity makes the use of a geometrical no- | 


tation, which, within the limits of its 
application, is the most luminous and 
complete of all, almost indispensable. 

Suppose the quantity sought be subject 

to two causes of variation, and to depend 
upon two magnitudes which can be rep- 
resented by any two co-ordinates fixing 
the position of a point ina plane. The 
operation of extracting the square root, 
for example, in the preceding case of a 
single variable co-ordinate, was possible | 
only when the quantity so operated upon 
was of the kind denoted by plus unity. 
So long as ,/a corresponds to the con- 
struction of a mean proportional be- 
tween a and +1,,/—6* indicates an im- 
possible operation, and no point of the 
locus corresponding to a single variable 
co-ordinate can represent this result. 
But if both co-ordinates are made varia- 
ple and the restriction to a single line 
be abandoned, and the definition of the 
extraction of the square root be modi- 
fied, the case is otherwise. The quanti 
ties considered do not then depend upon 
a single magnitude, but on two, and are 
for this reason called complex quantities. 
In operating on such a quantity, both of 
the quantities on which it depends are 
affected, exactly as in operating on a 
fraction we affect its two terms. Thanks 
to the introduction of both new quanti- 
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ties and new definitions of operations, 


| 4/—8 no longer indicates an impossible 
‘operation, and the term imaginary is no 
‘more applicable to such a result than to 
fractions or negative quantities. Such 
is the fundamental and immediate con- 
sequence of Argand’s conception. Sym- 


bols of the form a+64/—1, to which all 
analytical results have been reduced, are 
‘no longer either impossible or incompre- 
hensible; they are a system of two 
numbers a and 4, which are combined 
with each other just as are the co-ordi- 
nates of a point in a plane. Thence- 
forth, the brilliant results of the power- 
ful analysis of Cauchy were to be 
translated into a geometrical language 
speaking to the eyes, and the discussion 
of formule became a simple problem of 
the Geometry of Position, subsequently 
completely solved by Riemann. The 
theory of complex quantities which, by 
the discoveries of Cauchy, had become 
the basis of the theory of functions, thus 
received at the same time a new confirm- 
ation, placing them beyond all the doubt 
}and objections to which they had been 
‘before exposed. Such are the eminent 
services rendered by the discovery of 
Argand both to Analysis and the Philos- 
ophy of Mathematics. 

But geometry, as well as analysis, 
though to a less degree, has profited by 
the introduction of these conceptions, 
| founded on the discovery of a new bond 
‘between these two branches of the sci- 
ence. In Argand’s work are found the 
beginnings of a very general method of 
plane analytical geometry, developed 
later by M. Bellavitis with great sue- 
cess, furnishing a uniform process for 
the discussion both of problems in ele- 
mentary geometry and the more ad- 
vanced theory of curves. The advant- 
age of this method consists in the 
introduction into the calculations of the 
points themselves instead of their co- 
ordinates, and the consequent choice at 
the last moment of the most convenient 
system of reference. Argand was less 
successful in his attempts to extend his 
method of representing points to space 
of three dimensions. Indeed, this prob- 
lem involved difficulties far greater than 
then which he had just overcome, and 


bey: till after thirty years did Hamilton 
at last surmount them. 
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We should have taken great pleasure 
in giving our readers some information 
relative to the author himself of this im- 
portant tract. With this in view, we 
applied to M. R. Wolf, as more thor- 
oughly acquainted with the history of 
science in Switzerland than any one else, 
and to whom we are indebted for a bio- 
graphical collection, as remarkable for its 
profound learning as for its attractive 
style. M. Wolf at once kindly caused 
inquiries to be made in Geneva, ‘Argand’s 
native city. Unfortunately, the informa- 
tion he obtained, through Prof. Alfred 
Gautier, is contained in a few brief lines 
here cited: “I readily found the registry 
of birth, on July 22d, 1768, of Jean- 
Robert Argand, son of Jacques Argand 
and Eve Canac, very probably the author 
of the mathematical paper in question. 
I learn from one who knew his family 
that he was for a long time a book-keeper 
at Paris, and I presume that he died 
there. He was not a near relation of 
Aimé Argand, * and pernaps not of the 
same family. He had one son who also 
resided in Paris.” M. Wolf subse- 


quently learned that Argand also had a 


daughter named Jeanne-Francoise-Dor- 
othée-Marie-Elizabeth, married to Félix 


Bousquet, with whom she went to Stutt-'. 


gart, where he had obtained some unim- 
portant situation. If we 
that, about 1813, Argand lived at Paris, 
rue de Gentilly, No. 12, as indicated in 
his own handwriting on the cover of the 
copy sent to Gergonne, we shall have | 
stated all we have been able to learn of | 
this original man, whose modest life will 
remain unknown, but whose services to 
science Hamilton and Cauchy have 
deemed worthy the gratitude of pos- 
terity.—J. Hove. 

1. Let a be any arbitrary quantity. If 
to this quantity another equal to it be 
added, we may express the resulting sum | 
by 2a. If we repeat this operation, the | 
result will be 3a, and soon. We thus) 
obtain the series a, 2a, 3a, 4a, . 
each term of which is derived from the | 
preceding by the same operation, capa-| 
ble of indefinite repetition. Let us con-| 
sider the series in reverse order, namely, | 

: , 4a, 3a, 2a, a. As before, 
each term of this new series may be re- 
garded as derived from the preceding by 





*A friend and associate of the brothers Montgol- 
fier, who invented the lamp of that name. (1755-1803.) | 


an cgneitien which i is the reverse of the 


}as a gram, the series 


add to this . 
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former; yet, between these series there 
is this difference: the first may be in- 
definitely extended, but the second can- 
not. After the term a, we should ob- 
tain 0, but beyond this point the quantity 
a must be of such a nature as to permit 
our operating on zero as we did on the 
other terms - 42a, 3a, 2a, a. 
But this is not always possible. If, for 
example, a represents a material weight, 
, 4a, 3a, 
2a, a, o, cannot be extended beyond 0; for 
while we may take 1 gram from 3, 2 orl 
gram, we cannot take it from 0. Hence 
the terms following zero exist only in 
the imagination ; they may, therefore, be 
called imaginary. But instead of a se- 
ries of weights, let us consider them as 
acting in a pan A of a balance containing 
weights in the other pan also; and for 
the purpose of illustration, let us sup- 
pose the distance passed over by the 
arms of the balance is proportional to 
the weight added or withdrawn, which 
indeed would be the case if a spring were 
adjusted to the axis. If the addition of 
the weight x to the pan A moves the ex- 
tremity of the arm Aa distance n’, the 
addition of the weights 2n, 3x, 47, 

., will cause this same extremity to 
move over the distances 2x’, 37’, 4n’, 
.» Which may be taken as meas- 
ures of the weight in the pan A: this 


‘weight is zero when the pans are bal- 


anced. By placing the weights n, 2n, 
3n .» in the pan A, we may 
obtain the results 2’, 2’ 32’ 


or, by starting with 37’ and withdrawing 


the weights, the results 27’, »’, 0. But 
these results may be reached not only 
by taking weights out of the pan A, but 
also by adding them to the pan B. Now 
the addition of weights to the pan B 


‘ean be continued indefinitely ; and in so 


doing we shall obtain results expressed 
by—n’,—2n’,—3n’, ., and these 
terms, called negative, will express quan- 
‘tities as real as did the positive ones. 
| We, therefore, see that when two terms, 
numerically equal, have opposite signs, 
as 3n',—3n’, they designate the different 
positions of the balance arms, such that 
the extremity indicating the weight i is in 
both cases equally distant from the 
point 0. This distance may be consid- 
ered apart from direction, and be then 
called absolute. 
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Let us consider the origin of negative 
quantities in a case of another kind. If 
in counting a sum of money we adopt 
the franc piece as unity, we may operate 
successively by subtraction on this sum, 
and render it zero by taking away a cer- 
tain number of frances. At this point 
the operation becomes impracticable, 
and, consequently,—1 franc,—2 frances, 
- .. . . are imaginary quantities. 
Take now the nominal frane as unity, 
for the purpose of estimating a fortune 
made up of credit and debit. 


take place either by a decrease in the 
number of frances on the credit side, or 
by an increase in the number on the 
debit side, and by continuing either pro- 
cess we should have a negative fortune 
of—100 franes,—200 frames, . . . . 
Such expressions signify that the num- 
ber of francs of debt, considered ab- 
stractly, exceed by 100, 200, those of 
credit. Thus—100 franes,—200 frances, 
° . + ., Which in the former case can 
express only imaginary quantities, here 
represent quantities as real as those de- 
noted by positive expressions. 

2. These ideas are very simple ; yet it 
is not so easy, as it at first seems, to set 
them forth clearly, and to give them the 
generality which their application re- 
quires. Moreover, the difficulty of the 
subject will not be questioned if we re- 
member that the exact sciences had been 
cultivated for many centuries, and had 
made great progress before either a true 
conception of negative quantities was 
reached or a general method for their 
use had been devised. Moreover, it was 
not our intention to endeavor to state 
these principles more rigorously or more 
clearly than they are to be found in the 
works which deal with this subject ; but 
simply to make two remarks on negative 
quantities. First, that whether a nega- 
tive quantity is real or imaginary,* de- 
pends upon the kind of magnitude meas- 
ured; and, second, when we compare 
two quantities which are of a kind yield- 
ing negative values, the idea involved in 
their ratio is complex, including, 1° a 





* The sense in which these words are used is suffi 
ciently determined by what precedes: the extension 
bere given to their ordinary meaning seems permissi- 


ble, and is moreover not wholly new. In optics, what 
is called the imaginary focus, as distinguished from 
the real, is the point of intersection of rays which 
have no existence, in a physical sense, and which can 
be considered, in some sort, as negative rays. 


What we} 
eall a diminution of this fortune might | 





relation dependent on number, consid- 
ered absolutely ; 2° a relation of direc- 
tion, or of the sense in which they are 
estimated, a relation either of identity or 
opposition. 

3. If now, setting aside the ratio of 
absolute magnitude, we consider the dif- 
ferent possible relations of direction, we 
shall find them reducible to those ex- 
pressed in the two following propor- 
tions: 
=i, 


+1:41::-1: 
: +1 


+1: —-—1::-1 


Taken directly and by inversion, these 
proportions show that the signs of the 
means are alike or different when those 
of the extremes are so. Now let it be 
required to find the geometrical mean 
between two quantities of different signs, 
that is, to find the value of & in the pro- 
portion 

+1: a3 ia: —1. 


Here we encounter a difficulty, as when 
we wished to continue the decreasing 
arithmetical progression beyond zero, for 
zx cannot be made equal to any quantity, 
either positive or negative; but, as be- 
fore, the quantity which was imaginary, 
when applied to certain magnitudes, 
became real when to the idea of absolute 
number we added that of direction, may 
it not be possible to treat this quantity, 
which is regarded imaginary, because we 
cannot assign it a place in the scale of 
positive and negative quantities, with 
the same success? On reflection this 
has seemed possible, provided we can 
devise a kind of quantity to which we 
may apply the idea of direction, so that 
having chosen two opposite directions, 
one for positive and one for negative 
values, there shall exist a third—such that 
the positive direction shall stand in the 
same relation to it that the latter does 
to the negative. 

4. If now we assume a fixed point K 
(Fig. 1) and the line KA be taken as 
positive unity, and we also regard its 
direction, from K to A, and write KA 
to distinguish it from the line KA as 
simply an absolute distance, negative 
unity will be KI, the vinculum having 
the same meaning as before, and the 
condition to be satisfied will be met by 
KE, perpendicular to the above and with 
a direction from K to E, expressed in 
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like manner by KE. For the direction 
of KA is to that of KE as is the latter 
to that of KI. Moreover we see that 
this same condition is equally met by 
KN, as well as by KE, these two last 


quantities being related to each other as 
+land —1. They are, therefore, what 
is ordinarily expressed by + /—1, and 
—/-—I. In an analogous manner we 
may insert other mean proportionals be- 
tween the quantities just considered. 
Thus to construct the mean proportional 
between KA and KE, the line CKL must 
be drawn so as to bisect the angle AKE, 
and the required mean will be KC or 
KL. So the line GKP gives in like 
manner the means between KE and KI, 
or between KA and KN. We shall 
obtain in the same way KB, KD, KF, 
KH, KJ, KM, KO, _KQ, as means be- 
tween KA and KC, KC and KE 

and so on. Similarly we might insert a 
greater number of mean proportionals 
between two given quantities, and the 
number of constructions involved in the 
solution would be equal to the number 
of ratios in the required series. Thus, 
for example, to construct two means, 
KP, KQ, between KA and KB, we 
should have the three ratios KA : KP*: 
KP : KQ: :KQ: KB, and necessarily, 
angle AKP=angle PKQ=angle QKB, 
the vinculum indicating that these angles 
are similarly situated with respect to 
the bases AK, PK, QK. Now this may 
be effected in three ways, namely, by 
trisecting 1° the angle AKB; 2° the 
angle AKB increased by 360°; 3° the 


angle AKB increased by twice 360°, giv- | 


ing the three constructions of Fig. 2, 
bis, 2 ter.* 


—ia Fig.2.ter. 


5. Observe, further, that the relations 
just established between the quantities 
KA, KB, KC, ‘ do not 
require that the directions which these 
quantities fundamentally involve should 
be estimated from a single point K; but 
that these relations are equally true for 
every such expression as KA, indicating 
an absolute distance KA and taken in 
the same direction, as K’A’, KA”, 
K’’A’”, BK, (Fig. 3). For, 


, 


K A Fig.3, 








we 


B K K A A 


— 





following with respect to this new quan- 
tity the same reasonings as before, we 


see that if KA, K’A’, KA”, 
are each positive unity, AK, A’K’, RK”, 


*The principle on which these constructions rest, 


stated generally, is that the ratio of two radii KP, KQ, 
making an angle QKP, depends on this angle when 
these radii are considered as drawn in a certain direc- 
tion, and that this ratio is the same as that of two 
other radii KR, KS, making the same angle ; but al- 
ee «J this principle is, in a way, an extension of that 
on which the geometrical ratio of a ee and nega- 
tive line was established, it is here a an hypothesis 
whose legitimacy must be se whose _ conse- 
quences, till then, are to be dependently confirmed. 
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are negative unities; that the mean pro | 
portional between +1 and —1 can be) 
expressed by any line whatever, equal in 
length to the above and perpendicular | 
to them in direction, and taken at pleas- 
ure in either of its two directions, and 
so on. To make this clear, consider a 
particular case as, for example, a given 
force assumed as unity and represented 
by KA, acting parallel to KA in the 
direction from K to A, its point of appli- 
cation being arbitrary; this unit force 
may be expressed by a line parallel to 
KA, with any point as an origin. The 
negative unit would be an equal force 
with a parallel action line, but acting 
from A towards K, and could likewise be 
represented by a line drawn from any 
point parallel to the former one, but in 
an opposite direction. All that is neces- 
sary, then, to the application of the 
principles already developed regarding 
radii is that the qualities, indicated by 
plus and minus, which we attribute to a 
certain quantity, should depend upon 
opposite directions between which there 
exists a mean; and that the relations 
between all lines which will represent 
such a quantity be then conceived as the 
same which existed between the radii. 

6. From these reflections it follows 
that we may generalize the meaning of 
expressions of the form AB, CD, KP, 
: ee - * , every such one repre- 
senting a line of a certain length, par- 
allel to a certain direction, the latter 
taken definitely in one of the two oppo- 
site senses which this direction presents, 
with any point as an origin; these lines 
themselves being capable of represent- 
ing magnitudes of another kind. As 
they are to be the subject of the follow- 
ing investigations, it is proper to give 
them some special designation. They 
will be called dines having direction, or 
simply, directed lines.* They will be 
thus distinguished from absolute lines, 
whose length only is considered without 
regard to direction. 

7. Applying the terms of common 

(*The directed lines of Argand are, of course, Ham- 
ilton’s vectors, und the above principle is simply a 
statement of the fundamental conception of a vector, 
i. e. that all quantities having direction as well as 
magnitude are vectors, and that vectors are not! 
changed by translation without rotation.—TRans. ] 

+ The expression lines having direction is only an ab- 
breviation of dines considered with reference to their 
direction. This remark will show that we do not pre- | 
tend to create a new nomenclature, but, by this de- 


nomination, both to avoid confusion and secure | 
brevity. 


usage to the different varieties of direct 
ed lines which arise in connection with a 


primitive unit KA, it is seen, that every 


line parallel to the primitive direction is 
expressed by a real number, that those 
perpendicular to it are expressed by im- 
aginaries of the form +ta1/—1, and, 
finally, that those having other direc 
tions are of the form+ta+td./—1, 
and are composed of a real and imagi- 
nary part. But these lines are quanti- 
ties quite as real as the positive unit; 
they are derived from it by the associa- 
tion of the idea of direction with that 
of magnitude, and are in this respect 
like the negative line, which has no imag- 
inary signification. The terms real and 
imaginary do not therefore accord with 
the above exposition. It is needless to 
remark that the expressions impossible 
and absurd, sometimes met with, are 
still less appropriate. The use of these 
terms in the exact sciences in any other 
sense than that of not true is perhaps 
surprising.* 

An absurd quantity would be one 
whose existence involved the truth of a 
false proposition; as, for example, the 
quantity a, satisfying at once x==2, x=3, 
whence 2=3. The admission of such a 
quantity into the calculus would entail 
consequences as contradictory as 2=3 ; 
but the results obtained from the use of 
the so-called imaginaries are in all re- 
spects conformable to those derived 
from reasonings in which only real 
quantities appear. We might thus fore- 
see the impropriety of a nomenclature 
which classifies truly absurd quantities 
and the even roots of negative quanti- 
ties together, and it was a consciousness 
of this impropriety which first gave rise 
to the ideas developed in this essay. It 
is thus that we are led to a new nomen- 
clature.t 

—__ ae —$—$———— 

Tue right of way for the first hundred 
miles of the Canada Pacific Railway has 
been purchased. It ends at the western 
boundary of the Province of Winnipeg. 


* There was a time, when led by the very nature of 
the case to admit negative values in the discussion of 
abstract quantities, geometers, having apparently 
some difficulty in imagining that less than nothing 
could be anything, applied to such values the term 
fausses. The use oi this word, in its original vicious 
sense, ceased when the conception under which it 
arose was rectified. 

+ It is amost needless to observe that we refer only 
to the coufusion which arises from the terms, and that 
a corresponding confusion of ideas is not implied. 
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Tue object of this paper is not to,tion of work when almost completed. 
bring forward any new experiments on Even twenty years ago, before the mod- 
the properties of steel as employed in ern cheap steels had been offered, steel 
constructive work, but to invite discus- made by the crucible process had been 
sion on a few points which may occur to successfully employed on a small scale 
the engineer, to whom it seems desirable for boiler work. Very careful attention 
to consider the relative advantages of to the behavior of steel under treatment 
mild steels and iron in some mechanical had no doubt been observed, as it might 
or constructive work. For several years easily be on a small scale; but when, 
the substitution of steel for iron in vari-| some years after, attempts were made to 
ous structural work has occupied the use Bessemer steel for boiler and bridge 
attention of engineers and metallurgists, | work difficulties arose, some of which 
but the progress which has been made, were attributed to the nature of the ma- 
compared with the hopes that were terial and some to the want of thorough 
entertained when steel made by the care on the part of the workmen. Even 
Bessemer process became cheap enough when plates of this material cost more 
to make its cost, strength for strength, than iron for boiler construction, and 
comparable with that of iron, has not very much more than iron for bridge 
been great. ‘here are classes of struct- and girder work, attempts were made to 
ures in which a reduction in weight use it for the latter on account of the 
would be a material advantage, even several advantages which would arise 
when attended with an increased total from a decrease in the permanent load 
cost. Ships, boilers, and girders may of bridge structures. Failures, how- 
be instanced as examples. In this direc- ever, of parts of these structures both 
tion, therefore, engineers turned their before and after completion, due to the 
attention, with a view to the application want of the observance of the special 
of steel. The difficulties, however, which treatment which the material demanded, 
attended the manipulation and connec- discouraged its employment. The en- 
tion of steel in structures largely com- deavors of steel makers during the past 
posed of plates checked its application. few years have, therefore, been directed 
Many failures attended the attempts to to the production of steel possessing 
use it, chiefly resulting from apparently properties so far similar to wrought 
anomalous behavior of the metal under iron that no great departure from the 
what were considered similar conditions, methods of working this material need 
but more, perhaps, owing to the special; be made. Apart from the frequent want 
treatment which it required as compared | of uniformity in the mechanical proper- 
with iron. Those who had been long | ties of the Bessemer steel plates of a few 
accustomed to the manipulation of iron| years ago, it generally exhibited an 
were unable to depart from past practice |absence of toughness, which not only 
sufficiently to operate upon the new) made it difficult of manipulation in the 
material, with all the careful attention to hands of the plate smith, but caused its 
its different properties which these de- destruction after being built into a 
manded. Thus, although the difference structure. Its uncompromising rigidity 
in its behavior in the hands of the smith | rendered it incapable of accommodating 
and plate worker, as compared with iron, | itself to, and gradually eliminating from, 
was considered in several of the details | itself, the residual strains originating in 
of manipulation, certain other peculiari- | unequal heating and cooling, and also to 
ties were lost sight of in the assemblage | the unequal strains visited upon it by 
of parts, which resulted in the destruc-! other parts of a structure, of which it 
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was made to form a part, either by rivet- | extension, or in proportion to the rela- 
ing or other modes of connection. It|tion in which it combines toughness 
was not that the steel did not appear to| with strength. Thus a metal which 
possess the qualities when tested in the|possesses high ultimate strength and 
testing machine, but its behavior was| high elastic limit, with small ranges of 
apparently different when employed in So omgrog will not have great structural 
full size pieces or plates, from that| value, as it will not be capable of with- 
exhibited when tested in small pieces in | standing impact strains. Again, a metal 
the machine. This difference indicated | possessing high ultimate strength with 
that there were differential internal |low elastic limit will have small value for 
molecular strains resident in the whole|structural purposes, as, though high 
plate which were eliminated when the ultimate strength is an essential prop- 
same plate was cut into strips. This | erty, the limit of elasticity determines in 
elimination, it was considered, could not | almost all cases the sectional area, and, 
take place in the whole plate on account | therefore, weight of metal required for a 
of the harshness of its material. Anneal-|given duty. A high elastic limit, with 
ing was resorted to, but only with par-|considerable elastic extension, must be 
tial success, the complex nature of the| obtained, combined with great tough- 
strains in a plate of the material, even|ness beyond that limit, or in other 
when cooled slowly, being sufficient,|words, a high elastic limit must be 
when aggravated by extraneous strains |attended by a considerable range of 
to cause its rupture. Itis perhaps not! extension both within and beyond that 
necessary here to consider the nature of limit, combined with high ultimate 
the strains in a plate of iron or steel |strength. 
resulting merely from slightly differen-| The tendency, however, in the produc- 
tial contraction in cooling, but it may be tion of the modern mild steels and ingot 
observed that though small, these strains irons, which will eventually no doubt 
may have a material influence on the | supplant wrought iron made by the pud- 
strength of a plate as a whole, and that | dling process, is to make a metal which 
they would be greuter in the thicker is far from combining these properties 
plates. This may be referred to here in such relations that it is best suited 
after. for structural purposes, or so as to offer 
The necessity of imparting to steel those advantages which were at one time 
plates the toughness characteristic of supposed to be attainable by the use of 
good wrought iron has thus induced steel. 
steel mianufacturers to devote their; The best index to the comparative 
attention to the production of steel pos- | structural value of different materials is 
sessing great ductility. It is on this probably that obtained by the applica- 
point that much might be said, because tion of Poncelet’s formule as simplified 
in the search for toughness the advant-|and made applicable for practical pur- 
ages which the employment of steel in| poses by Robert Mallet. This formule 
some structures seemed at one time to) _ , Te and Tr and 
promise, are being almost lost sight of. |expresses by coefficients Te’ and Tr" 
Not only are these advantages likely to ‘the work done by an extending or com- 
be lost, but the great ductility being | pressing force upon an elastic prismatic 
imparted to soft steels and ingot iron, | body, at the point where its elasticity 
in search for this necessary toughness, becomes permanently impaired, and its 
seems likely to give us a material inferior form distorted, and at the further point 
in some essential qualities to much of the | where rupture occurs, or, in other words, 
wrought iron hitherto in use. Tough-|it expresses the balance in any material 
ness in plates has not been obtained, but! between strength and toughness, and 
instead thereof great ductility attended was designed to give a more exact index 
with low elastic strength. ito the structural value of materials than 
It may be premised that the structural | was given by the early experimenters 
value of a metal will be proportionate to} down to the days of Telford, when the 
the degree in which it combines high | force necessary to produce rupture was 
ultimate strength with high elastic limit|alone considered. The formule are 
and wide range of elastic and ductile' probably known to most of the members 
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of the society, having been given by 
Mallet in a paper “On the Coefficients of 
Elasticity and of Rupture in Wrought 
Iron,” published in vol. XVIII of the 
“Proceedings” of the Institution of | 
Civil Engineers, and subsequently em-| 
ployed by Dr. Pole in his book on “Iron | 
as a Material of Construction,” but they, 
may be repeated here. 


Let = = the length of the prism; 
the unit of length; 


A == the transverse sectional area 
of the prism; 

i = the extension, or compres- | 
sion which is proportionate | 
vedi“ 

P =the force of extension. or'| 


compression which is pro-| 
portionate to A; and 
e = the elastic resistance which 
balances P. or the modulus 
of elasticity. 
The force P is, of course, variable be- | 
tween o and i, 
PL eA, 
| and P= L i. 
If x be any small extension, or compres- 
Sion less than the xth part of 7, P corre- 


eA 3 
—«. The work done in 


L 
extending, or compressing through the 
infinitely small additional range A'x 


sponding to a= 


(assumed uniform) = mg xA’x, and the 


whole work done when ‘=the compres- 


sion or extension at which the elasticity 
of the material is permanently changed, | 


or the elastic limit reached, is 


eA 1 
Te= L i eA "t= | 7, 
0 

or =tei*, or simply=4$P/; 

for the unit of length and section. The 
value of the coefficient Tr is arrived at in 
the same way, by substituting the corre 
sponding values for P and i due to the 
moment of crushing or of rupture. Thus 
for a material having under tensile strain 
an elastic limit P of 12 tons per square 
inch, and elastic extension e of 0.02 inch 
in a foot of length, and having an ulti- 
mate of 22 tons per square inch and a’ 
total extension of, say, 1 inch, the coefti- | 
cient 


| ‘and Tr 3501. 


é 
P x 2240 x 12 
Te= — — , 
2 

sr 0.02 

Te— 12x = 12 _ 4931 
jand 1.0 

Tr= 22 —_—= 12 _ 9959.5 


while with another material having an 


‘elastic limit of, say, 14.22 tons, elastic 


extension 0.024 inch; ultimate strength, 
say, 23 tons, and total extension of 1.6 
‘inch in a foot, the coefficient Te=31.8 


In order to determine the relative 
structural values of several materials, it 
is thus necessary to take Te and Tr sim- 


‘ultaneously into consideration, though 


Te is the coefficient of the greater im- 
portance in most structural work. 

About a dozen years ago Bessemer 
metal was offered for bridge and ship 


construction, which in the testing 
machine showed an ultimate tensile 


strength of from 34 to 40 tons per 
square inch; an elastic limit from 20 to 
23 tons, and a range of ductile extension 
of from 10 to 18 per cent., while the 
tests of plates considered suitable for 
the shells or barrels of boilers showed 
figures not much lower than these. The 
failures which occasionally attend the 
application of this steel, however, dis- 
couraged the extension of its applica- 
tion by engineers, who hoped that 
greater uniformity in the mechanical 
properties of the metal would gradually 
be obtained by the steel makers. A steel 
of somewhat lower tenacity and greater 


ductility, attended by great uniformity 


in composition and behavior, was then 
produced, and this indicated that steel 
makers and engineers must look to steel 
of milder character for the removal of 
the difficulties which had attended the 
structural application of cheap steels, 
that is, steels not produced by the 
crucible. The result of this was that 
engineers specifying steel for, say, 
bridge-work, stipulated that it should 
not possess more than a certain maxi- 
mum tenacity, a reversal of the stipula- 
tion that had always and does obtain 
with respect to iron. As a further re- 
‘sult of this, and to ensure that the 
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harder steels of comparatively high tenac- 
ity, but less uncertain character, should 
not be used in the construction of 
bridges, the Board of Trade regulations 
upon the subject limited the tensile 
strain on any part of a structure to 7 
tons per square inch. This has led to 
the endeavor on the part of all steel 
makers to produce the very mild soft 
steels now largely used, some of which 
afford the engineer no help towards pro- 
ducing the lighter structures which a 
dozen years ago it was promised that 
steel would give them. Boiler shells 
must be made nearly or quite as thick 
as if they were constructed of iron. 

As an instance in illustration reference 
may be made to the results of a series of 
experiments made on iron and mild steel, 
in order to determine their respective 
values for high-pressure boiler construc- 
tion, and described by Mr. David Greig 
and Mr. Max Eyth in a paper read 
before the Institution of Mechanical 
Engineers, in June, 1879. Amongst 
other experiments, the mechanical prop- 
erties of mild steel and Yorkshire plates 
under tensile strain was determined. 
The plates—both iron and steel—were 
obtained from Messrs. John Brown & 
Co. and Messrs. Cammell & Co. In the 
paper referred to the mean tensile 
strength, elastic limit and extension are 
given as follows: 


Ultimate strength. Elastic limit. Extension 
. Tons per square inch. per cent. 


Iron plates..... 22.27 16.06 36.2 
Steel plates. .. .25.80 16.74 28.3 

The extension given is in a length of 
6 inches. If all reference to the second- 
ary elastic limit, which may be induced 
by repeated application of strain up to 
and slightly exceeding the elastic limit 
of each preceding test, be omitted, it 
will be seen that the so-called steels, to 
which the above figures relate, present 
searcely any structural advantage over 
iron. The elastic limit is nearly the 
same, and though its ultimate strength 
is greater than that of iron, its ductility, 
as shown by its range of extension, 
renders its greater ultimate strength of 
little value; for very long before it can 
be strained to that limit, in any struc- 
ture, it stretches so much that the 
accumulation of strain is prevented, and 
this may be shown to take place in 
bridge as well as boiler structures. 


‘With respect to the latter, Messrs. 
Greig and Max Eyth observe that “the 
tensile and shearing strength of the 
material supplied for these tests by some 
of the most experienced makers of steel, 
and by them, no doubt, considered the 
best for the purpose, has in the experi- 
ments proved to be not more than 10 
per cent. above that of the iron supplied 
at the same time, and its want of hard- 
ness, as distinct from tensile strength, 
has proved to be a very serious disad- 
vantage in boiler work. What the trade 
now requires is a return to a harder 
material of increased tensile strength 
without losing the homegeneity which is 
as present obtained at the expense of 
hardness.” Again, in speaking of the 
results of the test, under hydraulic 
pressure, of the complete boilers made 
_of this steel, they say, “the compression 
of the rivet and elongation of the rivet 
hole resulted invariably in leakage which 
prevented the necessary pressure from 
being obtained. Each rivet became its 
own safety valve, and the strain put on 
the weakest part never reached more 
than 70 per cent. of the breaking strain. 
| This is the point where additional hard- 
ness of the material would be most use- 
ful, as it would prevent the opening of 
the rivet holes, which now makes a 
boiler useless long before the breaking 
strain is reached.” This evidence is, 
therefore, to the effect that no structural 
advantage is obtained by the use of 
these steels in place of iron. 

If we turn now to the result of tests, 
made by Mr. Kirkaldy, of Siemens’ mild 
steel, we find that the mean results for 
plates of from 0.37 to 0.70 in thickness, 
annealed and unannealed are as follows: 


| Ultimate strength. Elastic limit. Extension. 


| Tons per square inch. per cent. 
Unannealed. . ..31.02 14.50 23.4 
Annealed...... 28.84 12.84 24.6 


From these figures it will be seen that 
though this material (like that used at 
Messrs. Fowler’s Works) may be very 
safe, it presents little structural advant- 
age over iron plates, the limit of elas- 
ticity being low, permanent set taking 
place at as low as 12.84 tons per square 
inch when the plates are annealed. It 
is, however, observable that though the 
extension of this metal reaches a total 
of 24.6 per cent. it is less than 11 per 
‘cent. annealed, and under 7 per cent. 
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unannealed at a strain of 26.78 tons, | 


thus indicating very considerable tough- 
ness and probably greater value as a 
structural material than that tested by 
Messrs. Greig and Max Eyth. 

Material described still more recently 
gives the engineer even less of hope that 
the modern steel for structural purposes 
will enable him to produce lighter struc- 
tures than he can do with iron. It 
would even appear that greater hope of 
obtaining a material of high structual 
value is to be found in iron; for it was 
recently stated at a meeting of the Iron 
and Steel Institute by a member that he 
had been experimenting with puddled 
iron, the elastic limit of which ranged 
from 19 to 20 tons, while its ultimate 
strength was 29 tons and its elongation 
between these strains was 23 per cent. 
in a length of 8 inches. The elongation 
within the elastic limit was not men- 
tioned. Unless a higher elastic limit can 
be obtained no advantage in a structural 
sense is secured. High ultimate strength 
is a comparatively useless quality if the 
elastic limit is low, and great range of 
extension is also of no service. In 
bridge work a very high range of ex- 
tension is useless, because the members 
under tension would elongate if strained 
beyond the elastic limit, to a greater 
extent than the members under compres- 
sion would compress, and thus the struc- 
ture would fail by the destruction of the 
balance in the disposition of the strains 
on the different parts. Even if the 
material showed a range of compression 
equal to its range of extension this 
would remain equally true, because in 
order to secure the necessary resistance 
to bending or buckling, members under 
compression must be of greater sectional 
area than is indicated by the static 
strain. Thus a higher elastic limit is 
the first essential in steel for structural 
purposes. This it appears can only be 
obtained by making the steel harder, 
which, by the Bessemer process at least, 
if not by other largely used processes, it 
seems cannot be secured without other 
attendant qualities or properties wich 
make the material difficult to work, and 
more or less uncertain in its behavior 
under mechanical treatment. Whether 


this is really now so, or must continue 
so, it remains for the steelmakers to 
show, but it does at least seem plain, : 
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that even with some of the so-called 


mild steels a little misgiving is pardon- 


able on the part of the boilermaker, who 
wonders what he may find in a boiler 
shop to-morrow where he has left a 
nearly or quite finished boiler to-night. 
Not only, moreover, is this mild steel 
way of getting over the difficulties at- 
tending the use of the strong steels 
likely to rob engineers of much that the 
latter material promised; but by the still 
existing custom of denvminating what is 
really iron by the term steel, we are like 
to lose the advantages gained by using 
the harder steels where that has been 
possible, for already a good deal of so- 
called steel, in which there is not much 
more carbon than there is in a Lowmoor 
bar, is being worked up into steel rails 
and steel tires. It is true that rails of 
very hard stee] do not wear quite so well 
as those of a tougher quality, but it 
remains to be seen whether some of the 
very mild metal being rolled into rolls 
to-day may not soon acquire battered 
heads under the heavy traffic of modern 
locomotives. Such rails will not lamin- 
ate, but it remains to be seen whether 
splitting will not result from the deform- 
ation by battering. 

It will have been observed that in this 
short paper the attention of the writer 
has been almost wholly confined to ref- 
erences to plates. This has been done 
because chiefly in plates improvement 
has to be looked for from the steel mak- 
ers. With bar steel, the difficulties in 
manipulation and connection in struc- 
tures have not been so great as with 
plates, and failures, whether due to im- 
posed or internal differential molecular 
strains, have not been so frequent; sec- 
tions are less in area and forms less ca- 
pable of initiating and transmitting 
destructive strains. Consequently, mild 
bar steel need not be so ductile as mild 
plate steel, and hence the structural 
value of mild bar steel is much higher 
than that of plates, and engineers can 
use it to advantage. In the course of a 
very interesting lecture delivered by Dr. 
Siemens at the Royal United Service In- 
stitution in March, 1879, he gave a table 
showing the results of a serious of tests 
of mild and hard steel bars up to, and 
slightly beyond their elastic limit. This 
table is of great value as affording evi- 
dence of the structural value of these 




















28 van NOSTRAND’S ENGINEERING MAGAZINE. 





bars, and it is to be greatly desired that | ‘of plate smiths or when built into struc 
similar observations should be made on | | tures, they behave very differently to 
all kinds of modern metallic structural iron with the same apparent mechanical 


materials. The mild bars to which Dr. | 


Siemens’ table refers shows a mean elas- | 
dissipate any internal differential molecu- 


tic limit of 17.37 tons when annealed, 
though the same bars showed the lower 
mean elastic limit of 16.62 before being 
annealed, and curiously the elastic ex- 
tension is also greater in the annealed 
bars, the mean extension in bars 5 feet 
0 inch, and 4 feet 11 inches, being 0.086 


inches, the value of the Te of the bars’ 
being by the before-mentioned formule, | 
respectively 57.04 and 53.348. This de-| 
notes a high structural value, although | 
this indication must be taken with the | 
value of Tr which cannot be gained 


from the table referred to. Such mate- 
terial, however, is not to be had or can- 
not be safely used in plates, and even in 
bars has been very little used in bridge- 
work. Steelmakers have yet to satisfy 
engineers that it can be safely used. 

The most of the recorded experiment- 
al results of tests of mild steels do not 
give the extension of the elastic limit, 


' properties. The toughness of good 
iron plates enables them gradually to 


lar strains of tension and compression 
that may be resident in them as they 
leave rolling mills, by differential com- 
pression and tension. Steel plates 
which are comparatively hard, but which, 
when torn asunder in test-strips, indi- 
cate an ultimate extension of as much 
as 15 per cent., might be expected to do 
the same. Such, however, is not the 
case, for the plate has often behaved, 
when built up into a structure, as though 
its ultimate extension was not more than 
one or two per cent., and, like glass, pos- 
sessed of a high elastic limit, but no 
toughness. Why this should be is not 
known, but it may be suggested that 
such being the behavior, the following 
may afford some clue to the fact that 
thick plates, at least of such material, 
have fractured in various directions, 


‘after the structure of which they have 


so comparisons with other materials can- | 


not at present be made. From what has 
been said, however, it will have been 
seen, that it is very necessary that these 
figures should be obtained, and what has 
often been observed may be here re- 
peated, namely, that in order to the pro 
duction of a satisfactory series of tables 
of the mechanical properties of different 
structural metals, experiments should be 
conducted on a uniform basis, and with 


| 


uniform lengths of tests pieces, or if not. 


of uniform length, they should be of a 
minimum length of either ten inches or 
one foot. 

Such experiments would be perhaps 
costly, but there is at least one wealthy 
engineering society, by a committee of 
which such experiments might be use- 
fully carried out on the structural mate- 
terials of to-day. 

In conclusion, a few words may be 
said upon the behavior of the harder 
kinds of steel plates in which they differ 
from those of iron. It has been ob- 
served by many that some of the steel 
plates with an elastic strength as high 
as 18 tons per square inch combined 
with a ductile extension as high as 15 


formed an integral part has been com- 
pleted. Most plates before being built 
into a structure are annealed, but the 
following remarks apply equally whether 
annealed or not. 

Plates when taken from the rolls or 
from the annealing oven are generally 
laid on a flat surface to cool, but whether 
laid down or stood on edge, cooling 
takes place somewhat more rapidly to- 
wards the corners and edges than at the 
middle. At first, the whole plate is of 
the same temperature, which may be 
that of redness. The exterior parts 


first assume the rigidity of cold iron, 


and contraction takes place on the inte- 
rior parts which remain at a higher tem- 
perature, and therefore the contraction 
has taken place under a tensile strain. 
Thus, if a plate of 1 inch in thickness is 
considered in illustration, it will be seen 
that a corner of, say 6 inches on either 
edge, has an area on the two sides of 36 
square inches, but it has also the addi- 
tional effective cooling area of the edges, 
which adds 12 square inches, making for 
a surface area of 36 square inches a 
total of 48 square inches of effective cool- 
ing area by radiation and evection. If, 


per cent., as obtained by the “tests of on the other hand, an area on the two 
strips of ‘such plates, that in the hands | sides at the center of the plate, of 36 
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; : : 
square inches of such surface, be taken | 
into consideration, it will be seen that | 
the edge surface can only be considered 


as cooling by conduction. Thus, the 
effective cooling area of the outer parts 


of the plates is much more efficient than | 


the central parts. These outer parts 
having, then, become rigid and con- 
tracted under tension, exert a corre- 
sponding compressive strain upon the 
interior parts still at higher tempera- 
ture and thus more or less amenable to 
compression, This tensile strain upon 
the outer parts or borders of the plate 
is gradually eliminated as the interior 
parts cool, and is finally changed into 
one of compression, as the inner parts 
contract in cooling under a molecular 
tensile strain, due to the incapacity of 
the rigid border to follow the inner parts 
in their contraction. In the cold plate 
put into a structure, there is thus initial 
molecularstrain differentiating from com- 
pression at the edges to tension towards 
the center. If the plate is cooled under 
circumstances inducing unequal cooling 
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these internal strains are aggravated, 
and they may possibly be of such magni- 
tude that extraneous strains, that would 
not materially affect a tough iron plate, 
may be sufficient in a hard steel to cause 
rupture. Further, when a plate of such 
a character is being riveted up, every 
rivet is compressed under a very high 
strain to make it fill the holes, and thus, 
acting as a viscous fluid, adds to the 
strains already tending to destroy the 
plate. 

These remarks are only made as sug- 
gestions, and should perhaps have been 
put in the form of a question, as they 
are somewhat aside the object of this 
note, which is to invite discussion on 
what seems to be the tendency in the 
production of very mild steel plates, 
namely, that in the endeavor to remove 
the difficulties which have attended the 
use of steel plates of high elastic limit, 
we seem to be in danger of losing the 
facilties for producing lighter structures 
which the application of steel seemed 
at one time to afford. 


THE STRENGTH OF BOILER FLUES. 


From ‘“ The Engineer.” 


Very high pressures are now carried 
at sea on the outside of tubes of com- 


paratively large size. These tubes are 
the cylindrical furnaces of marine 


boilers, and reach in some cases a diam- 
eter of 4 ft. It is of the utmost import- 
ance that very definite rules should be 
laid down for the guidance of those who 
design such furnaces, in order that no 
mistakes may be made. . We say “defin- 
ite rules,” because the whole subject has 
been fully investigated. There is appar 
ently nothing more to learn about it, and 
there should, therefore, be no trouble in 
constructing a simple formula which 
would enable un engineer to tell, with 
very little calculation, what is the proper 
thickness for a furnace tube of any given 


length and diameter, intended to sustain | 


a stated pressure. Something of the 
kind wili be found in almost all treatises 
on steam boilers. The practice thirty 
years ago was to treat the flues as though 


it. The pressure was to be found by the 


well-known rule p= , where s is the 


strain in pounds per square inch to 
which the iron is to be subjected, ¢ the 
thickness of the plate, d the diameter of 
the boiler, and » the working pressure. 
Then the proper thickness for flues was 
half that which would suffice for a shell. 
This practice is, we are happy to say, no 
longer followed. It answered fairly well 
while moderate pressures not exceeding 
about 45 lbs. on the square inch were 
used, but it was totally unfit to deal 
with such pressures as are now carried 
at sea and on land. Wilson gives the 
following formula for the strength of 
262.4 x ¢? 


—-—,— where p is the col- 


flues: p= ted 


lapsing pressure in pounds per square 
‘inch, ¢ the thickness of tube in thirty- 
|seconds of an inch, 7 the length in feet, 


the pressure were to be exerted inside of|and @ the diameter in quarter feet; 
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other rules may be found in other | haves very vexatiously and insists on a 
treatises. Fairbairn has shown that the much lower pressure being carried than 
strength of a flue to resist collapsing is necessary. Before any opinion on 
pressure varies directly as the 2.19 this point can be properly pronounced 
power of the thickness, and inversely as it is necessary to call in some other 


the diameter and length. Thus: authority. Referring to the tables given 
P=33.6 x (1002)29 +Lxd in Wilson's treatise on steam boilers, we 


: ae find that the collapsing pressure of a 
and p=5.6 x (100¢)?=+-LXxd. tue 7 ft. long, 2 inch thick, and 40 
These are very ungainly formule, and inches in diameter is nearly 400 lbs. on 
useless without logarithms. It may not the square inch. Lloyd's factor of 
be superfluous to say here, however, for safety is consequently about 9 to 1, 
the guidance of those who would like to While the Board of Trade factor is nearly 
use Fairbairn’s rules as a check on their 15 to1. If one margin be enough then 
own practice, that in using the formule the other must be too great.. In deal- 
the thickness of the plate is to be multi- ing with this part of the question we can 
plied by 100. The log. of the result is only arrive at anything like a satisfactory 
to be found and multiplied by 2.19. conclusion by resorting to the result of 
‘his gives a log. the natural number of ¢xperiment. Mr. Wilson’s figures refer 
which is the 2.19 power of 100+. to very perfect tubes, such as may or 
It is not to be supposed that the may not be met with in practice. Mr. 
Board of Trade, which is so precise in D. K. Clark has investigated many cases 
its instructions and rules for marine Of collapsed tubes, and he has prepared 
engine builders, would allow this subject the following formula: 


to pass without consideration. Accord-| ., (50,000 
ingly the Board has proposed a rule, p=t x (= —500 ) 
60,000 ¢? 


which runs thus: y=——-——..._ Here Applying this rule to the case stated, we 
(7+1)xd have 105.4 Ibs. as the collapsing press- 
60,000 is a constant for furnace tubes yre. In this case the Board of Trade 
with longitudinal seams, lapped joints, factor of safety is nearly 4 to 1, and 
and punched holes, single riveted; / is Lloyd's factor is a little over 2to1. It 
the length of the furnace in feet; d is must be remembered, however, that Mr. 
the diameter in inches ; and P the work- 'Clark’s rule applies to flues of consider- 
ing pressure. To illustrate the applica-|able length without any strengthening 
tion of this rule, let us suppose that a! rings; to these he has attached no pre- 
furnace is 40 inches in diameter and 7 ft. ‘cise value. But it may be taken for 
long, and that the plates are .375 inches granted that a marine boiler furnace 
5 tube well secured at each end and not 

thick. Then ae Sto = 26.3 Ibs. more than a few feet long, is very much 
: better able to stand up against a collaps- 

as the working pressure. But the Board ing strain than a tube 25 ft. or 30 ft. 
of Trade rule is not the only one with long. We may, we believe, take a mean 
which engineers have to deal. “Lloyd’s” petween Mr. Wilsons figures and Mr. 
89,600 x Clark's, and assume that the collapsing 
lxd pressure of our tube would be about 200 


Applying this rule to the furnace whose lbs. on the square inch. Under these 


: . : circumstances Lloyd’s formula gives a 
cmp oo a en wee actor of safety of 4.4 to 1, while the 
= ~~~“ =45 lbs. We thus find | Board of Trade rule gives 7.7. 
7X40 | Now, it is evident that the disparity 
that one great authority on marine en-| between the rules of the Board of Trade 
gineering allows nearly twice as great a and of Lloyd’s ought not to exist. It 
pressure to be carried as the other. If) places engineers and shipowners alike in 
the Board of Trade be right, then!a very unpleasant position, and will 
Lloyd's must be wrong, and dangerously |some day cause a good deal of trouble. 
wrong. If, on the other hand, Lloyd’s A case may be cited which recently oc- 


are right, then the Board of Trade be- ‘curred. Two wing furnaces on board a 


have a rule also, which is, p= 
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North-county steamer collapsed with 20|ing spectacle presented for considera- 


Ibs. of steam pressure and plenty of! tion. 


water. 
topped, with flat stayed sides, and by 


the Board of Trade rules, the working | 


pressure was 22 lbs. and by Lloyd's 42 
lbs. It is probable that when the case 
comes to be investigated it will be found 
that the metal was either over-heated by 
the presence of deposit, or that the flues 
were worn. Be this as it may, it is not 
inconceivable that the engineers of the 
Board of Trade and those of Lloyd's 
may some day come into collision in a 
court of law over such questions, and we 


The collapsed flues are round | 


The engineers of a great public de- 
partment asserting that a boiler is 
strong enough, while tzose of the Goy- 
ernment assert that it is too weak, will 
not be a satisfactory display in any 
sense of the word. The question at 
issue is one really of very great import- 
ance to engineers and shipowners. Is it 
too much to ask in the interests of com- 
mon sense that the two bodies should 
put themselves in communication and 
agree on so apparently simple a matter 
as the preparation of a rule for the 


shall then have anything but an edify-' thickness of furnace tubes? 


INFLUENCE OF TEMPERATURE IN TUNNELING 
MOUNTAINS. 


HIGH 


THROUGH 


By DR. F. M. STAPFF. 


Translated from Revue universelle des Mines, for Abstracts of Institution of Civil Engineers. 


As the difficulties encountered from 
elevated temperature in tunneling 
through high mountains require the 
adoption of appliances and resources 
very different from those hitherto em- 
ployed, the author, as Engineering 
Geologist of the St. Gothard Tunnel, 
Airolo, has during the past six years 
been collecting voluminous materials for 
the purpose of endeavoring to solve the 
two following questions: 

Ist. What is the highest temperature 
at which men can work underground? 

2nd. At what depth below surface is 
this temperature likely to be reached in 
tunneling? 

I.— Temperature at which underground 
work becomes impossible.—The limit of 
heat at which men can work depends 
upon the length of their exposure to it, 
the amount of exertion they put forth, 
their acclimatization, the nature of the 
atmosphere, and, most of all, its degree 
of moisture. Omitting instances of 
momentary exposure to exceptional heat, 
it is certain that men cannot accustom 
themselves to stand for any length of 
time more than 60° to 75° Centigrade or 
140° to 165° Fahrenheit, even when 


keeping perfectly still and in quite pure 


air. In the author’s experience on min- 
ing and railway works in Mexico and the 
south of the United States the tempera- 
ture was as high as 40° C. or 104° F. 
In tropical seas the temperature in the 
stoke-holes of steamers occasionally 
reaches even 69° C. or 156° F., and is 
aggravated by the dust raised in the act 
of stoking. Unfortunately there is not 
sufficient information at present avail- 
able as to the practicable limits of tem- 
perature in underground workings. In 
upeast shafts used for winding, and for 
raising and lowering the men, a temper- 
ature of from 27° to 32° C. or 80° to 90° 
F. is allowed for the air current in 
English collieries; and in Belgian from 
224° to 344° C. or 72° to 94° F. At 
Fahlun copper mine in Sweden, in re- 
opening some old workings that had 
been stopped by a fire twenty years 
previously, the clearing up was done at 
a temperature as high as 52° C or 125° 
F.; but there the natural ventilation was 
excellent. In another mine, stoping was 
abandoned at a temperature of 33° C. 
or 91° F., where the dust from the 
decomposed pyrites was more intoler- 
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able than the mere heat, and dyed the | cious if covered with a layer of common 
miners as black as ink.* The highest salt, whereby not only would the tem- 
temperature observed in the Mont Cenis perature be still further lowered, but 
tunnel was 30° C. or 86° F., at about 4 also increase of moisture would be pre- 
miles in from the south end. In the St. vented. The.men would have to work 
Gothard tunnel full work was carried on short shifts, and the heat of the body 
at about 31° C. or 87° F. on the south! should not reach 40° C. or 104° F., the 
(Airolo) side, in air surcharged with! ordinary bodily temperature being from 
moisture; and on the north (GOschenen) | 362° to 38° C. or 98° to 100° F. 
side at 29°C. or 84°F., in an atmosphere | The Author goes minutely into the ef- 
not pet saturated. The author gives | fects observed to be produced upon the 
detailed particulars of the air- supply to! health of the men employed in the St. 
each end of the tunnel, and of the!Gothard tunnel. He also reports at 
number of men, animals, and lamps con- | length anumber of observations he made, 
suming it; and on the assumption that as to how hot the men got, and how much 
the dry ness of the air is of equal import-| work they could do, according to the 
ance with its purity, he deduces the| state of the air in the tunnel. The di- 
ratio of 4 to 3 as about representing the| minished effort instinctively exerted by 
superior ventilation of the northern sec-| them, in proportion as they get hotter 
tion over the southern at the time of his| from the heat and badnessof the air they 
observations, when each end had been | breathe in such situations, is shown to be 
driven about 4 miles in. |in accordance with phy siological princi- 
According to Professor Dubois-Rey- | ‘ples. Taking as the unit of “bodily exer- 
mond of Berlin, men can stand 50° C. or | tion the amount of effort put forth in 
122° F. when the air is as dry as possi-| merely walking along the tunnel at an 





ble, as in the case of blast-furnace work- | 50 foot-lbs. per 
ers; but in an atmosphere S| 
with moisture even 40° C. or 104° F. 
would almost certainly prove fatal. Air} 
feels very dry when only one quarter | 
saturated, but becomes stifling before 
complete saturation is reached; hence a) 


/easy pace—say about 4,5 
o ’ 


minute—the Author considers this is 
somewhat exceeded by the ordinary ex- 
ertion of the workmen employed in the 
roomier portions of the tunnel, behind 
the advanced heading. Those engaged, 
however, in loading the broken rock into 


slight diminution of moisture may be of| the wagons near the forebreast, in the 
the utmost value, and the principal) confined space of the advanced heading 
means of rendering high temperatures itself, must in his opinion, judging from 
endurable would consist in drying the | the shorter time they work and the higher 


air. A wagon-load of quicklime, not-|rate of their wages, be working about 
withstanding the heat evolved in quench- 
ing, he considers would even give a 


fresher feeling than one of ice, on ac-! 
count of the latter rendering the air) 
at the working | 


still more moist. If 
place there were both a wagon of lime 


and one of ice, and also a supply of) 


fresh air direct from the tunnel mouth, 
he is of opinion that work could be car- 
ried on even where the rye of | 
the rock was as high as 50° C. or 122°F. 
The ice would indeed be far more effica-| 


*In the last working of the United copper mines in 
Gwennap, Cornwall, a hot spring of water at 115° F, was 
met with in the bottom level about 1,500 feet below sur- 
face, and the rock was 80 hot that even with their thick | 
clothing the miners could not lean against it. (See Pro- | 
ceedings Institution of Mechanical Engineers, 1873, p. 
110.) In the Comstock silver mines, Nevada, the tempera- | 
ture averages 130° F. at about 2,000 feet below surface, and 

_ sometimes reaches 139° F., while in particular places even 
157° F. has been observed. (Sve Transactions American 
Institute of Mining Enyineers, vol. vii., pp. 45-76; and 
Minutes of Proceedings Institution Civil Engineers, vol. 
Ivii., p. 393). 


twice as hard ; and occasional intermit- 
jem efforts may be even four times as 
great. They have to fill the broken stone 


into baskets upon long narrow lorries 


running on temporary rails of 1 foot 
guage, laid alongside the main rails of 
34 feet guage ; the lorries have to be run 
| back by hand through a distance averag- 
ing about 80 yards to the main trucks, 
into which the baskets have then to be 
‘emptied. A score of men formed the 
gang occupied in this heaviest work. 
| The relative cost of the clearing per cubic 
yard of rock in the two headings is found 
‘to be represented by the very same ratio 
as the absolute moisture of the air in 
‘them, namely, 1 to 1.18 in the Géschenen 
|and Airolo ends respectively. 
The highest limit theoretically possible 
for the air temperature in tunnel work- 
ings would be such as would induce fever 
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heat, of 42° C. or 107° F. in the body ;|much as 5° C. or 9° F. But, for the 


while the extreme practicable air tem-| 


perature, still not free from the certain 
prospect of impaired health and prema- 
ture death, would be that under which 
the heat of the body should not rise 
above 40° C.or 104° F. The latter limit 


being applied to the atmospheric condi- | 


tions affecting the two ends of the St. 


Gothard tunnel, the Author calculates | 
that the practicable limit of air tempera- | 
ture should not exceed 453° C. or 114° F. | 


in the Goschenen end, and 373° C. or 
100° F. in the Airolo end, for the labor- 
ers clearing the advanced headings. He 
adds, in a tabular form, the corresponding 
figures for assumed cases both of harder 
and of easier work than that of removing 
the spoil from the ends of these particu- 
lar headings. 

Il.—Limit to Depth of Tunnel below 
Summit of Ridge.—The scale for increase 
of temperature with depth, which obtains 
in mines and bore-holes sunk below level 
ground, is inapplicable to mountains, 
owing to the cooling effect of their ex- 
posed sloping sides. 


temperature observations in the southern 
portion of Mont Cenis tunnel, Ansted 


deduced an increase of 1° C. per 50 
meters, or 1° F. per 91 feet depth below 
the summit of the mountain profile over 
the line of the tunnel; but that rate did 
not hold good for lower elevations in the 
same profile, and was therefore not ap- 
plicable as any guide for other tunnels. 
From his own observations in the St. 
Gothard tunnel, from 1873 to 1877, for 
distances of 4,800 yards in from the 
northern mouth and 4,500 yards in from 
the southern, the Author deduced em- 
pirical formule for the temperature to be 
expected during the further progress of 
the work. These having been fuund to 


hold good for the 2,600 to 3,000 yards) 


next driven, he now reproduces some of 
the principal. For the temperature of 
the rock itself, the general average result 
in its simplest form is an increase of 1° 
C. per 48.4 meters, or 1° F, per 88.1 feet 
of vertical depth below the surface of 
the mountain. 
a temperature for parts of the tunnel 


From Borelli’s | 


This scale gives too low) 


mean temperature throughout any con- 
siderable length of the tunnel, the ealcu- 
lated result agrees exactly with actual 
observation, however varied be the mount- 
jain profile overhead. In confirmation 
|the Author reproduces from the St. 
| Gothard Company’s eighth report a Table 
of observations made in 1878 through 
1,500 yards’ length of the southern half 
of the tunnel, between 5,000 and 6,500 
yardsin from the mouth. The variations 
of mountain profile may even have the 
effect of producing a practically uniform 
temperature for miles of tunnel, notwith- 
standing hundreds of yards difference in 
the heights of rock overhead. For the 
temperatures to be expected at the mid- 
dle of the tunnel, the minuter calculations 
are given which had been made last year 
by the Author, at the time when each 
end had been driven about 7,700 yards 
in, leaving then about 1,000 yards inter- 
vening to be driven. His estimate, with 
'a margin for error of + 24° C. or 43° F, 
was 313° C. or 89° F. for the rock ; the 
same for the air about 150 yards behind 
either forebreast, prior to the two driv- 
ages holing through into each other; 
and 332° C. or 93° F. for the water issu- 
ing from the rock. In March, 1880, after 
the holing through, the actual mean tem- 
perature of the rock for the middle 
length of 1,000 yards was found to be 
303° C. or 87° F.; and this was also the 
air temperature 150 yards behind the 
forebreasts prior to holing through. At 
the two forebreasts themselves the air 
temperature was brought down as low as 
272° C. or 82° F. while boring, and 30° 
C. or 86° F. while clearing away spoil : 
which was about 3° C. or 5° EF. lower 
than calculated, the reduction being due 
to an extra supply of compressed air 
during the last 1,000 yards’ drivage. 
These several temperatures, though high 
enough to retard the progress materially 
/in the middle of the tunnel, and render 
/the work more laborious, was not so ex- 
cessive as to entail either stoppage or 
danger. 

General Remarks.—Having entered 
minutely, and at great length, into the 


that are under valleys and plains on the | various conditions affecting the execution 
mountain sides, and too high for parts|of the work in the two ends of the St. 


under peaks; the variations from the ac- 
tual temperatures noted at individual 


| Gothard tunnel, the author refrains from 
|attempting to lay down a fixed limit, 


points in the tunnel amount to nearly as|either of temperature or of depth, for 
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any future tunneling operations which 
may enjoy the advantage of resources 
superior to those hitherto available. But 
the means to be employed for dealing 
with higher temperatures than have 


hitherto been encountered would have to} 


be very carefully matured beforehand, 
both theoretically and practically. 
Projected Simplon Tunnel.—The ex- 
tent of guidance, furnished by the light 
of present experience, is illustrated by the 
author’s application of his calculations to 
the principal projects for tunnelling 
through the Simplon. Of the longer 
routes plotted, for piercing the mountain 
nearest its base, from near Brieg on the 
northern slope, those of MM. Favre & 
Clo, and M. Lommel, each nearly 12 
miles, would appear to be impracticable of 


execution with the resources at present, 


available. According to their mountain 
profiles, the depth of these tunnels below 
the ridge would be about 7,300 feet ; 
whence the temperatures to be expected 
midway in the tunnels would be about 
47° C. or 116° F. for the rock, and for 
the air 150 yards behind the forebreast , 
and about 53° C, or 127° F. for water 
issuing from the rock. In the shorter 
and higher tunnel proposed by M. Stock- 
alper, about 10 miles long, piercing the 
range at about 2,560 feet above sea-level 
and beneath a rather lower portion of 
the ridge, the author estimates the depth 
below the ridge at about 5,900 feet, and 
the rock temperature midway in the tun- 
nel at about 40° C. or 104° F.; here 
therefore the extreme limit of practicable 
execution would be reached. In two 
still shorter and higher tunnels, each 
about 74 miles long, proposed by 
MM. Clo & Venetz, and M. Jacquemin, 
the temperature encountered would be 
much the same as has been met with in 
the St. Gothard tunnel; but their greater 
height above sea level would somewhat 
detract from the value of both these tun- 
nels, as compared with those nearer the 
foot of the mountain. 

Selection of Route.—Supposing its 


height above sea level be already deter- | 


mined by commercial or political consid- 
erations, the route selected for a tunnel 
should be such as to offer the greatest 
facilities for its execution. In the case 
of the St. Gothard tunnel, it was pointed 


out by the author in 1877 that, if the) 
route had lain 1 mile or 14 miles west- | 


| behind the forebreast. 


| 
| ward, it would have been attended with 
pombester advantages, which he here re- 
capitulates. It is not so easy from sur- 
face indications to form an idea about 
the quantity of water likely to be met 
with, and the solidity of the rock to be 
driven through, as it is from the height 
and contour of a mountain to calculate 
the increase of temperature likely to be 
encountered. The principles long estab- 
lished by general mining experience may, 
however, be properly applied to tunnel- 
ing; and in the longitudinal sections 
compiled by the author for the St. Goth- 
ard tunnel, it is seen how the surface in- 
dications held good down to that depth: 
fissures, slides, and faults, noted on the 
mountain profile, severally made their 
appearance without fail in the tunnel, 
most of them in a very unwelcome man- 
ner. A recent illustration from near the 
middle of the tunnel is cited. The author 
thinks it safer and easier to avoid difficul- 
ties of this sort by careful selection of 
route beforehand, than_to try to get over 
them afterwards during the execution of 
the work. For the projected Arlberg 
tunnel in Austria, he is glad to find the 
route laid down with a view to avoiding, 
by acurved course, rock that seems likely 
to let out streams of water. Tunnels 
through high mountains should, as far as 
possible, be driven in places where they 
will have the least height and bulk of 
mountain overhead, and where they will 
be likely to be most free of water. 

Mode of Driving.—The mode adopted 


‘for driving the St. Gothard tunnel is not 


considered by the author, from the ex- 
perience there gained, to be the most 
eligible for long tunnels, where not more 
than two ends can be driven, and these 
not faster than a certain limit of speed, 
and where it is impossible to foresee all 
the difficulties that may arise. In respect 
of the atmosphere pervading the working 
places, that mode of driving seems indeed 
decidedly objectionable. In the St. 
Gothard tunnel the long succession of 
trenches and steps, by which the small 
advanced heading was gradually widened 
and deepened to the full size of the fin- 
ished tunnel, caused the working places 
to stretch back as far as a couple of miles 
Hence,-even ad- 
mitting the practicability of artificially 
supplying the advance heading itself with 
air so cold that, where the rock tempera- 
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ture was from 40° to 50° C. or 100° to 120° 
F., the men could work a hundred yards 
behind the forebreast, the author considers 
the same means would be altogether in- 
adequate for such a length as a couple 
of miles of tunnel, full of men at work 
and smoke from blasting. Moreover, in 
the usual plan of driving the advance 
heading along the crown of the tunnel, 
the water issuing from the forebreast has 
to flow all along the heading, and then 
down along all the following steps and 
trenches of the successive enlargements, 
before reaching the completed culvert in 
the finished portion of the tunnel. The 
author therefore suggests the desirability 
of proceeding by an inverted method, 
somewhat as in metalliferous mines: 
driving the advanced heading along the 
very bottom of the tunnel, and carrying 
the culvert forwards promptly with it, so 
that all water should drain at once into 
a narrow channel, presenting small sur- 
face for evaporation. Less moisture 
would thereby ke imparted to the air, 
even when driving through very wet 
rock, than is evolved in drier rock, from 
the vast extent of wet surface exposed 
by the puddles and mud that are inevi- 
table with the ordinary mode of driving. 


Such an inverted method would doubt- | 


less present difficulties in regard to ven- 
tilation; but more attention might ad- 
vantageously be paid in tunneling to the 
improvements that have already been 
realised in mine ventilation by the adop- 
tion of systematic arrangements. For 


long tunnels that will take years to exe- 


cute, instead of improvising foul-air out- 
lets temporarily and at random, or open- 
ing cocks here and there on the com- 
pressed-air main, a regular system of 
ventilation should be carried out by 
means of brattices, air-doors and trunks, 
and should be pushed forward continu- 
ously to follow up the progress of the 
work. A further suggestion for facil- 
itating the execution of tunnels through 
hot rock is to complete each end to the 


full size as far in from the mouth as can | 


be done without the heat becoming too 
oppressive, say up to 30° C. or 86° F.; 
and then to push forward and complete 
the advance heading alone, without con- 
tinuing the work of enlarging behind it. 
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from the forebrcast. As soon as the two 
headings met, a good current could be 
established right through from one end 
of the tunnel to the other, which would 
be largely efficacious in keeping down 
the temperature at the working places, 
during the subsequent enlargement of 
the central length. 

Haulage.—Manual or animal labor in 
the working places should as far as pos- 
sible be replaced by mechanical power; 
though how to manage this practically 
for the most fatiguing portion of the 
work—the clearing away of the spoil— 
yet remains to be found out. Endless- 
rope hauling, as already carried out at 
collieries, would be more. convenient for 
removing the stuff than the use of com- 
pressed-air locomotives, the size of which 
prevents their penetrating so far into the 
advancing end, and also interferes more 
with the ventilation. 

Artificial Cooling.—This is the most 
difficult question of all, and is by no 
means solved by the use of extensive ap- 
pliances for supplying compressed air. 
The heat from the rock is practically in- 
exhaustible ; and, whether all the air- 
cocks at the forebreast are open, or all 
shut, the air temperature 200 yards back 
is practically constant and equal to that 
of the rock, and thenceforth gradually 
| rises as the air travels further back along 
the working places. The utmost cooling 
|at the forebreast, while four rock-drills 
‘are working together and discharging 
their exhaust air at 24 to 4 atmospheres 
pressure, does not exceed 48 C. or 7° F, 
at most, the average being only 1° C. or 
2° F. below the rock temperature; and 
during the clearing away of the spoil the 
air may rise as high as 4° C. or 7° F, 
above the rock temperature, the average 
being 14° C. or 3° F. above. A table is 
| given of periodical observations made by 
‘the author at both ends of the St. Goth- 
‘ard tunnel while the drivage was sus- 
| pended for surveying the line of driving, 
the working places being then deserted 
and the air cocks left open. These re- 
cords show that with a rock temperature 
of 47° C. or 116° F, it would be no easy 
matter to keep the air down to 35° C, or 
95° F. in the working places while work 
| was being carried on. There is no great 


The practical difficulty would then be | difficulty in delivering highly compressed 
reduced to the efficient ventilation of the | air in large quantities at the forebreast ; 
heading for a length of 100 yards back ' the difficulty lies in arranging its distri. 
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bution. Men cannot work within a dis- 
tance of 5 or 6 yards in front of an 
aperture not more than 4 inches diameter; 


and often put a basket over it to break | 


the blast. The most serious obstacle to 
the use of compressed air, as the sole 
means of cooling, lies in the low specific 
heat of air, whereby vast volumes become 
heated immediately to the temperature 
of the rock, without perceptibly cooling 
the rock itself. A jet of cold water has 


very little cooling effect on the air, and | 


the mist thereby produced is decidedly 
objectionable; on the contrary, indeed, 


the compressed air should itself be sup- | 
plied as dry as possible. To cool the air | 


before delivering it into the tunnel is of 


little use, because its cooling effect de-| 
pends much more on its sudden expan- | 
sion ; and also because, however cold it | 
may have been at the tunnel mouth, by | 


the time it reaches the inner end of a 
very long main, the air is found to have 
acquired within 2° to 3° C. or 4° to 5° F, 
as high a temperature as the surrounding 
atmosphere in the tunnel. Asa means 
of cooling in combination with other 
plans, the adoption of compressed air 
points to the use of compressing appara- 
tus on a much larger scale than that at 
either Mont Cenis or St. Gothard. A 


further problem will be to devise better | 


methods for drying the air. The air re- 
servoirs at Mont Cenis and St. Gothard 


answered the purpose to a certain extent, | 
and were supplemented by additional | 


appliances at St. Gothard. For com- 


pletely drying the air, Professor Dubois- | 


Reymond’s suggestion to employ quick- 


lime might be adopted; and the author | 


points out that this mode of drying 
would be more eflicaciously applied to 


the compressed air before its delivery | 
into the tunnel, than by conveying the! 


lime itself to the working places. The 
cooling mixture of ice and salt should, 


however, be conveyed in the spoil- wagons | 


to the working places, and there dis- 
charged on the off side; as it gradually 
melted away, the water would run off, 
but without imparting so much moisture 
to the air as if there were no salt mixed 
with it. The combination of these two 
plans appears to the author to offer the 
best means of enabling tunnels to be 
driven at high temperatures. 

Workmen and Shifts.—Italians, used 


| with skill and perseverance, form as val- 
/uable a class of workmen for European 
tunnels as the Indians of Mexico or South 
America for tunneling operations in 
those countries. Under such circum- 
stances as obtained in the St. Gothard 
tunnel, the author considers that, having 
regard both to economy and to health, 
the average duration of shift should not 
exceed eight hours. Two hours must be 
allowed for walking in to the working 
places, when at a distance of 4 to 44 
miles infrom the mouth; then some rest 
is needed before commencing work ; and 
two to three hours’ work is all that can 
be managed before starting on the two 
hours’ return journey, which should also 
be made leisurely on foot. The men at 
the boring machines, and those clearing 
away spoil just behind, having the coolest 
and driest air, often remained fourteen 
hours in the St. Gothard tunnel. The 
men should strip themselves of clothing 
as far as possible, so long as the air tem- 
‘perature is lower than that of the body ; 
if ever tunneling came to be done ata 
higher temperature, it would of course 
be desirable to work with clothes on. 
Wherever artificial cooling of the air is 
required, the working places should also 
be followed up closely by suitable refuges 
or chambers, fresh and well ventilated, 
‘and even filled with dry air at a slight 
|excess of pressure, where any one over- 
come with exhaustion can be promptly 
restored, and where the men can dry and 
change before leaving work. Cooling 
beverages are recommended, for avoiding 
the danger of drinking too much cold 
water while at work. 

In conclusion the author points out 
that, from the nature of the work in long 
tunnels under high mountains and through 
hot rock, the question of cost, and even 
of time, may often become a considera- 
tion of secondary importance. 

— - 
| Herent or Waves.—From the result 
\of ten thousand observations, it appears 
| that the cubes of the heights are propor- 
' tional to the squares of the velocities of 
|the winds. A wave of 2.20 meters in 
height corresponds, according to the 
author, with a wind of 5 meters per 
| goownes velocity; and as the relation 
| (2.20™)’=a(5)*, .. 2=0.426, and conse- 
|quently (2 H)*=0.426 v*. Hence 2 H, 





to a warm climate, and taking to mining’| the total height of the wave,=0.75 v%, 
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AN ADAPTATION OF BESSEMER PLANT TO THE BASIC 
PROCESS. 


By A. L. HOLLEY, Memb. Inst. C.E., &c. 


From Papers of the American Society of Mechanical Engineers. 


Tue maintenance of refractory linings 
in Bessemer converters, in such a way as 
to promote regular and maximum pro- 
duction, has been the subject of more 
experimenting than any other feature of 
the Bessemer system, and it is still the 
least perfect and satisfactory feature, ex- 
cepting perhaps the casting of steel. 
Linings are not only eroded by the me- 
chanical action of the charge, but they 
are chemically decomposed by its various 
slags. The silica linings usually employed 
have, indeed, been so improved, that an 
average of say 60 charges per 24 hours 
can be got out of a pair of .converters, 


and the shifting of interchangeable con- | 


verter bottoms (containing the tuyeres) 
is so rapid that it does not delay produc- 
tion; but the repairing of the fixed lining 
just above the tuyeres, where both me- 
chanical and chemical action are most 
severe, is frequently the cause of delay, 
and the operation rapidly performed be- 
tween heats is tedious and costly. The 
accumulations of slag on other parts of 
the lining must also be quarried out, else 
the converter will become too small for 
the charge. 

These are the conditions of maintaining 
silica linings; but the difficulties are in- 
creased, probably about threefold, when 
the linings are made of lime, for the basic 
process. The basic process consists in 
removing phosphorus from the iron un- 
der treatment, by retaining the phos- 
phorus oxidized by the blast, in a basic 
slag formed of say 20 per cent. of lime 
added to the charge. An acid (silica) 
lining would vitiate the basic slag, and 
would also be rapidly destroyed by it. 
Lime containing some magnesia, and 
produced by burning magnesian limestone 
(dolomite), is at present the only basic 
material successfully used for converter 
linings. It is usually made into bricks, 


which are hard-burned and built up with 
mortar of similar material to form the 
lining. 


Basic bottoms and tuyeres stand ten 
to fifteen charges, nearly equaling acid 
bottoms, and they may be readily changed; 
but basic linings, near the tuyeres, and 
also in other parts where abrasion is 
severe, wear rapidly and must be fre- 
quently repaired by cooling the convert- 
er and inserting new bricks, or patching 
in some suitable manner. The converter 
is thus put out of use for at least twenty- 
four hours—a very serious delay to pro- 
duction. From a wide observation the 
author feels safe in saying that a basic 
lining is rarely run above 60 charges 
without extensive repairs, and in some 
works repairs are made every time a bot- 
tom is set. With some irons there is also 
an accumulation ef slag around the 
mouth of the converter; its removal 
sometimes also causes delay. 

The output of a pair of converters in 
Europe averages about half that of a pair 
of converters of the same size in the 
United States, and is often less than half. 
The limited endurance of basic linings in 
Europe is therefore a less conspicuous 
defect than it is here, where one con- 
verter must make 25 or 30 charges in 24 
hours, so that the repairs of basic linings, 
as at present conducted, would keep an 
American plant idle about half the time. 
This delay is really as important in Eu- 
rope as it is here; the greater the output 
from a given plant, the cheaper the pro- 
duct.* In order, therefore, that the basic 
process may come into extensive use, 
basic linings must be so maintained that 
their output will nearly equal that of acid 
linings. 

There are two reasonable conditions 
of improvement; the one is to prolong 
the endurance of basic materials, so that 
their repairs can be made with little de- 


* The statement sometimes inade in England that the 
rapid production in America impairs quality of pee. 
is but a cover for inadequate plant. Steel is obviously 
no better because five hours instead of one are consumed 
in setting a vessel bottom, or because it may take twice 
as long in an English works to handle materials and pro- 
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lay, while the converter is in position for 
use. There seems to be little or no pro- 
gress, or probability of immediate pro- 
gress in this direction. The other is the 
rapid and complete removal of a worn 
lining and the replacement of a repaired 
one. A third system, seriously proposed, 
is to double or treble the entire convert- 
ing plant. The only practicable way to 
replace a refractory lining (which cannot 
be handled by itself) is to replace the 
vessel which contains it. ‘The worn por- 
tions of the lining may thus be repaired 
at leisure, in another part of the works, 
rather than in position for use, where re- 
pairs would retard output. 

An obvious way to replace an entire 
converter lining is to replace the entire 





|out of its seat, and for the chains that 
sustain it. A traveler of the required 
| power, height, and length is obviously a 
|ponderous and costly structure, and in 
work with reasonable speed it must have 
independent steam power—the hydraulic 
|system of the works cannot well reach 
it. 

The method of replacing the lining 
| proposed by the author and shown in the 
‘engravings is removing only the shell of 
'the converter, lowering it out of the 
‘trunnion ring easily and rapidly, by 
‘means of a simple lift and car, and re- 
placing a repaired shell by the same 
/means. No pillow-block caps, blast con- 
/nexions, nor other surrounding parts are 
| touched; a dozen cotters are knocked out, 


converter. This system is already under|the shell is lowered and run straight 
construction in Europe. The method is| back to the repair shed, the new shell is 
also obvious—lifting the converter bodily | run in, lifted, and cottered on; this is all, 
out of its pillow-blocks, and conveying it | The machinery and transference are on the 
to the repair shed by means of an over-| general level, and not 40 ft. or more up in 
head traveler; then setting a repaired | the air. The car may be moved by asmall 
converter in place by the same means. | reversing engine or by a hydraulic cap- 
Such a plant is doubtless cheaper than a| stan, by means of a wire rope and sheaves 
duplicate plant, and its output should be | suitably arranged. The car runs against 
materially greater than that of fixed con-|a stop, and the lift is perfectly vertical, 





verters. but the operation of changing 
an entire converter must be slow and 
tedious. When the arrangement is such 
that pillow-block caps are required, these 
must be loosened by unscrewing heavy 
nuts; then they must be made fast to the 
crane chain, lifted, traversed, and set 
down. The blast pipe connection must 
be broken, and possibly some platforms 


must be removed. Then the traveler is! 


placed exactly centrally over the convert- 
er, ponderous chains are made fast, the 
mass is raised high enough to clear sur- 
rounding parts, and drawn laterally to 


the repair shed; then the converter is| 


placed centrally over its seat and lowered 
and steadied (as it swings from a chain) 


into its pillow-blocks. The repaired con- | 


verter is raised, traversed, and set in 
place by repeating all these operations; 


the blast connexion is then made, and | 


the pillow-block caps are lifted, traversed, 
steadied into place, and screwed down. 
If the converter is removed in sections, 
transferring each section and making the 
refractory joints will occupy much more 
time. The chimneys and the openings 
in the side of the building must be high 
enough to make passage not only for the 
traveler but for the converter when lifted 


|so that the shell may be put in place by 
| two rapid motions without the delay of 
| adjustment. 

| The lining may be heated before the 
shell is put in place, and bottoms (and 
tuyeres) may be separately removed, as 
at present, or they may be taken away 
with the shell and repaired without re- 
moval from it. In the latter case, the 
shell must be placed in trunnions, in the 
repair shed, so that the bottom may be 
turned downward for repairs. But if 
the bottom is first removed, the shell 
/need not be placed in trunnions in the 
repair shed; the shell will stand mouth 
downward on the car, a position’ most 
favorable for repairing both the mouth 
}and the lining about the tuyeres, which 
_are the two places chiefly needing repairs. 
| This is doubtless the better plan, and it 





saves the cost of supplementary trunnion 
rings and turning gear. The diagrams 
show the converter hung so high above 
the general level that the bottom and 
tuyere box can be hauled out, with the 
shell, under the trunnion ring. In case 
the bottom is previously removed, the 
converter may be hung some 3 ft. lower. 

It has been remarked that in American 
works converter bottoms are changed so 
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rapidly that one is always ready, even| there may be one common place for re- 
when tuyeres stand but eight or ten op-| pairs, and ample room both for spare 
erations. Changing converter shells is| shells and spare bottoms, they must be 
much more rapid than changing bottoms. |run out in rear of the converters. If 
The several operations of removal and | blast furnace metal is brought directly 
transportation are the same, but the con-|to the converters, this rear space is not 
verter lining must be trimmed out to re-| otherwise wanted; but if cupolas are 
ceive the new bottom, and a refractory | placed there, as is usually the case, they 
joint must be made. The new shell has must be so arranged that the shells can 
merely to be cottered on. | pass out under them, 

The comparative cheapness of appara- | But the cupolas (excepting the spiegel 
tus to change the shell, instead of the | cupolas) may best be placed elsewhere ; 
entire converter, is obvious. The twoj\if there are blast furnaces, the cupolas 
hydraulic lifts for removing the bottoms|may be so arranged near them, as to 
are made heavier, and there are several | utilize the same system of transportation, 
cars of simple construction; this is the hoisting, blowing, and hot blast. There 
entire extra apparatus. ‘The increased | should be plenty of spare gas from good 
cost of the converters is not important. | furnaces to heat cupola blast. These are 
In the other case the traveler, with its| very important considerations, regarding 
engine and the standards and turning! both cost of plant and economy of work- 
gear in the repair shed, and the trunnion ing. And judging from the experience 
rings and pinions (the chief cost of the|at many works, the disadvantages of 
converters) for each spare shell approach | hauling fluid iron some thousands of feet 
in expense that of a duplicate plant com- in a railway ladle, are less than those due 


plete. 

But one objection has been raised, as | 
far as the author is aware, to the plan 
proposed, and that is the possibility of | 
damage to the lift under the converter, | 
in case the charge should burn through 
and fallupon it. To avoid such damage, 
the lift table may be sunk several inches | 
below the pit level and covered with 
sand. It may be remarked that lifts un-| 
der converters are used in nearly all the 
American works with satisfactory results. 

The engravings illustrate the construc- 
tion and arrangement so fully that little 
explanation is required. The trunnion 
ring is of cast iron with an inch wrought 
iron lining; or it may better be a steel 
casting, which will not require a lin-| 
ing. There is a 2-inch annular space) 
between the trunnion ring and the con- | 
verter shell, and the shell is prevented 
from shifting laterally by means of the 
wedges. The car is raised by the lift to. 
receive the shell; or the shell may be 
lowered by means of a fork on the lift 
passing through the car. 

This construction of converters has led 
the way to a general improvement in the 
design of the plant. The shells and bot- 
toms may be run out laterally into the 
converting house, but the space here is 
insufficient for convenient repairs, and | 
the shells for one converter could not be | 
well got to the other. In order that, 


ito crowding the melting department 
and its stock yard and appurtenances, 
close behind the converters. Fluid iron 
is hauled from one to two miles * without 
chilling : it need usually be hauled but a 


few hundred feet ; and the cost of the 
transporting plant and service should be 


about the same for the two systems, 


‘There are two important advantages in 


the arrangement. 

1. Placing only the spiegel cupolas, 
instead of the entire melting department, 
close behind the converting house, leaves 


its rear comparatively open to free ven- 


tilation, thus cooling not only the space 


|around the converters, but also the cast- 


ing pit. 

2. This arrangement provides ample 
room for the convenient removal of slag, 
which in the basic process is very volumi- 
nous; one long dumping car placed un- 


‘der both the converter and the ladle 


catches it all, and as the bottom of the 
pit is on the general level, the slag is 
neither handled nor lifted—the car is 
simply hauled out by the yard locomotive 
and dumped. Experts well know the 


‘cost and’ inconvenience of breaking up 


and quenching slag in the pit, and of lift- 
ing it out of the pit and then loading and 
removing it. 

Iron may be got to the converters in 





* At the Barrow Worksit is hauled two miles, at Ebbw 
Vale some five miles. 
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a ladle by various means. It may be'! 
hauled on the general level, to one or 
more hoists, and run into short spouts or | 
directly into the converter mouths, or it | 
may be drawn up a gradual incline, or | 
lifted by a hoist to an elevated railway | 
near the converters, and thence tipped or 
tapped into them directly or through | 
spouts. The short elevated railway has 
one conspicuous advantage—it is out of 
the way of all other apparatus and oper- 
ations; it does not cross railways, nor 
interfere with any transportation on the 
general level. This is an important fea- 
ture when a charge is made every 20 to 
30 minutes. The ladle may be run to. 
the converter mouth * by various means, 
so as to tip directly into it, but the appli. | 
cation of power to the transportation is 
awkward and difficult, so that there is! 
more or less delay. The ladle is drawn 
by a locomotive to short, steep spouts 
leading to the converters; there is no 
lateral nor hand movement, and hence 
no delay. <A spout leads to each con- 
verter, chiefly for the purpose of leaving 
the space between the converters (where 
the common spout is usually placed) quite 
free for the spiegel ladle. 

The spiegel cupolas and their appur- 
tenances occupy so little room that they 
are placed, without interference with | 
other apparatus, very near and above the 
converters. A railway ladle receives the 
spiegel from either cupola and tips it di- 
rectly into the converter quickly, and 
hence completely, by a short run and) 
without hoisting or lateral movement. 
It may be weighed in transit if desired. 
The wide platform between the convert- | 
ers is at other times free for bringing 
lime, scrap, or other materials to the con- 
verter mouths, and these materials are | 
conveniently raised by the cupola hoist. 

The floor of the converting house is 
raised a few feet, so that the pit bottom | 
may be on the general level, for the con- | 
venient removal of slag, as before ex- 
plained. The ground outside of the con- 
verting house slopes gradually to the 
general level; this facilitates the removal 
of products, and also the drainage. 

The plant for repairing shells consists 
of two turntables, some short railways, 
and a shed, also some platforms, and a 
lift for materials. If bottoms are to be re- 
moved with the shells, there must also be 


* As at the works of Bolckow, Vaughan & Co, 





| necessary. 


| 
mounted trunnion rings and turning gear, 


‘also a crane, in the shed; but, as before 
explained, this seems unnecessary. Room 
is shown for repairing four shells at a 
time, but the railways may be lengthened 
to accommodate more. The plant for 
repairing bottoms consists of short rail- 
ways and turn-tables, a space for ram- 
ming bottoms under a shed, and the 
necessary ovens for drying them; also a 
crane which sets the bottoms directly on 
the oven cars. If tuyeres of ordinary size 
are used, fewer ovens are required; if the 
bettom is all one tuyere, rammed around 
rods, it must be burned for two or three 
days, so that more and hotter ovens are 
The repairing department 
may obviously be arranged in other ways, 
to suit special cases. 

The average output of the American 
plant, having two 6-ton to 7-ton silica- 
lined converters in one pit, is 100,000 
tons of ingots per year. It will doubtless 


appear that the plant under consideration 


should produce more with basic linings, 
because it has 10-ton converters, and 
means of keeping one of them in constant 
repair, so that the converting operations 
may fellow one another without inter- 
ruption. 

Receapitulation.—1. The endurance of 
basic linings is so small that the ordinary 
system of repairs would reduce the out- 
put of an American plant about one-half, 

2. The only adequate system of repairs, 
with existing basic refractory materials, 
is to remove and replace linings bodily 


by removing and replacing the vessels 


containing them. 

3. Changing converters, trunnions and 
all, requires very costly apparatus, and 
much labor and time in disconnecting 
parts, and in making the transference. 

4, Changing only the shells of con- 
verters (leaving the trunnions and their 
connexions undisturbed) requires only 
cheap and simple apparatus; and the 


‘operation may be performed so quickly 


that basic linings will give the maximum 
output of acid linings. 

5. Leaving the building open in rear 
of the converters, instead of placing the 
melting department there, gives good 
ventilation and ample space for bottoms 
and shells to be run out for repairs, and 
for slag to be removed from the pit. 
The cupolas (excepting the spiegel cupo- 


las) may be placed elsewhere, especially 
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by adjacent blast furnaces: and melted 
metal may be transported thousands of 
feet without difficulty. 

6. Placing the pit bottom on the gen- 
eral level allows slag to be hauled away 
directly, without rehandling or lifting. 
The elevation of the converting house 
floor, thus produced, facilitates the re- 
moval of products. 

7. The metal ladles are brought in be- 
hind and above the converters, and dis- 
charged by spouts, in order to avoid the 
delay of getting them to the converter 
mouths ; and two spouts are used, so as 
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to leave the space between the converters 
open for a short run of the spiegel ladle, 


|and of lime and other solid materials to 


be charged. 

8. The spiegel cupolas are placed near 
and above the converters, so that the 
metal may be run in quickly and com- 
pletely, without vertical or lateral move- 
ment, by means of a ladle car. 

9. The repairing plant is conveniently 
placed in rear of the converting house, 
but it may obviously be modified in 
extent and position to suit local cireum- 
stances. 


EXPERIENCES WITH ASPHALT. 


From Selected Papers of the 


Institution of Civil Engineers.* 


II. 


Wrrn reference to the objection to| get the information, but he had ascer- 


asphalt, on the ground of slipperiness, 
the remedy was to be found in good 
scavenging. Mr. Delano had received a 
letter from the manager of the omnibus 
company in Paris (a company possess- 
ing twelve thousand horses and a large 
number of vehicles) recommending the 
Charlier system of shoeing, which was 
well known in England amongst veteri- 
nary surgeons and road makers. If 
asphalt could be employed in the courts 
and narrow roadways of large cities, 
where so many poor children were 


poisoned by the vitiated air and filth, 


he believed the result would be very 
advantageous. He hoped that analyses 
would be made of the air over asphalt 
roadways as compared with roadways 
laid with sets. The scavenging in Lon- 
don was very bad, and a person coming 
to the metropolis, after an absence of 
some years, could not help noticing it. 
He was surprised to see the roadway in 
front of Buckingham Palace in a vile 
condition. Of course, as asphalt was 
impermeable, it had to be cleansed, there 
being no deodorizing principle in it, as 
partially existed in macadam, before 
saturation. It would be observed that 
no remarks had been made as to the 
comparative cost of asphalt and maca- 
dam. In Paris it was rather difficult to 


* Abstract of the Discussion following a Paper on 
Asphalt, by Mr. Delano, published in VAN NosTRAND’s 
Macazinz for December, 1880. 


‘tained that the cost price of macadam, 


including steam rolling, was 6 frances 30 


* ‘Tr 4 
| centimes per square meter. The main- 


tenance, however, of a macadamized 
road might reach the enormous sum of 
17 francs per square meter per annum; 
that was the case in such places as the 
Champs Elysées and the Rue Royale, 
where there was a heavy traffic. But 
the cost of macadam did not end there; 
it formed banks in the river, and at 
present steam dredging was employed to 
remove the banks of sand in front of the 
drains in Paris. He had a report by M. 
Vauthier, civil engineer, and a member 
of the Municipal Council of Paris, from 
which it appeared that the maximum 


cost of granite was 22 francs per square ° 


‘meter. The mean cost of the Paris 
roadways, extending over 6,000,000 
square meters, was 17 franes, the mean 
cost of their maintenance being | frane, 
not including scavenging nor interest 
upon outlay in any case. In narrow, 
crowded thoroughfares, the cost of 
maintenance was, he believed, 34 or 4 
francs. ‘The chairman of the Paris Cab 
Company stated that the traction on 
asphalt was much less than on any other 
system of roadway. The manager of 
the Omnibus Company corroborated this 
opinion, and considered that the wear 
‘and tear of carriages, horses, harness, 
|&c., was much less on asphalt roads 
‘than on any other. With regard to the 
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Seyssel and Val de Travers mines, of | paving. He had taken Mr. Deacon’s 
which drawings had been sent, he might | figures for the wood paving in Liver- 





mention that they contained marine | 
shells and shark’s teeth, as well as fresh | 
water shells. 

Mr. E. B. Evttce-Crark had, a short) 
time ago, taken a good deal of trouble | 
to ascertain the cost of different kinds of | 





Original 
cost per, 


pool, believing that they were the only 
reliable figures ever published, and re- 
duced them with the other calculations 
to the standard of 100,000 tons per 
annum per yard of width, with the 
result shown in the following table: 
Annual Outlay. 


Sinking | — | | 


Fund 





square | In- 3 per cent.| Main- | Scav- —_ Total. 











8. 





Wood pavement.......... ee 15 
Val de Travers compressed asphalt 18 
Granite sets, 7 inches x 3 inches 
laid over a layer of 12 inches 
of cement concrete.......... 





yard. terest. compound tenance.| enging. 

| interest. | 

| ; s. d. 8. d. d, 8. d. 
5 | 10.1 0 1.0/0 2.7} 5.0 | 2 2.8 
2. i 0 3.6;0 0.4 1 1.7 
6 | 0.5 | 0 1.3/0 2.5 1 1.9 
1 ae | 3 6.0/1 0.0 4 8.1 

' 





Those figures showed that if the con- 
tract entered into by the Val de Travers 
Company in London could be main- 
tained, their asphalt was cheaper even 
than granite sets. There could be little 
question as to the many advantages pos- 
sessed by asphalt over almost all other | 
materials for road paving. Aceording 
to his experience, compressed asphalt 
was the best for roadways. In the City 
of London, he believed, thirteen or four- 
teen kinds of asphalt had been tried 
within the last nine or ten years, and 
only three of them remained at present 
in streets with heavy traffic. It was 








| sufficiently elastic to extend over the 


fissures without rupture. Another peculi- 
arity was that in humid weather there 
was a greater accumulation of dirt on 
the compressed asphalt than on the 
mastic. Perhaps the author could 
state, from his experience in Paris, the 
reason for that peculiarity. No particu- 
lars had been given as to the amount of 
mud in the streets. Mr. Ellice-Clark had 
compiled the following table with refer- 
ence to that point: 





Load of mud |TFaflic per an- 








hardly necessary for English engineers 
_to go thoroughly into the chemical part 
of the question, because all that inform- 
ation had been reduced to practice by 
the actual wear and tear in the City of 
London. There were some curious anom- 
alies in the behavior of compressed 
asphalt to which he desired to refer.) 
He had recently laid a footpath with| 
that material, ? inch thick. In a short 
time a large number of cracks appeared, 
but the path had stood the effects of the 
last two very severe winters; and, al- 
though the cracks were unsightly, they 
did not appear to have injured the 
asphalt in the least. He believed the 
cracks were due, primarily, to the use of 
a cement not sufficiently purged; the 
concrete expanded in various directions, 
and the asphalt followed it, not being 





Material. | num per yard 
Ser sen. of width. 
‘Superficial yards) = Tons. 
Macadam..... 344 | 25,000 
Granite sets. .. 500 | 50,000 
Re 1,666 25,000 
Asphalt...... 4,000 500, 





So that, as dirt meant mud in wet 
weather and dust in dry weather, as- 
phalt was unquestionably a most econ- 
omical paving. One of the greatest 
advantages possessed by asphalt for 
street paving was the facility with 
which repairs could be executed. 

Cheapside had been laid with asphalt 
in December 1870, and the roadway had 
never been blocked a single day for re- 
pairs. This alone was an advantage to 
a city with great street traffic, which 
could not be said of any other kind of 
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pavement. It would be hardly possible | 
to overrate the importance of having 
streets permanently open for traffic. 
Again the rapidity with which it was 
originally laid, compared favorably with 
other materials. In Paris, he believed, 
a given area of each road had to be 
opened in eight days; in London, four- 
teen days had been found ample time to 
take up the old stones and lay asphalt 
and concrete, and permit traffic. The 
author had suggested the use of asphalt 
concrete costing 80s. per cubic yard; 
this was too high a price, because a bitu- 
minous concrete composed of ballast, 
coal tar, and creosote oil, could be laid 
for 21s. per cubic yard, 6 inches in thick- 
ness. It had been tried in Liverpool 
under sets with manifest success. By 
using a concrete of this kind the work 
of laying a road could be shortened by 
the difference in time required for Port- 
land cement concrete to set and that re- 
quired for bituminous concrete, which 
was a few hours only; so that a road fit 
for traffic might be laid in London in 
eight days. There was no reason why 
this kind of foundation should not be 
equal to Portland cement concrete; and 
it was well worth the attention of muni- 
cipal engineers and asphalt companies. 
With regard to foothold for horses, or 
rather the absence of it, the city engi- 
neer had demonstrated, by a series of ob- 
servations of an exhaustive nature, that 
saphalt occupied a position between 
wood and granite, in the order named: 
and the popular outery against the slip- 
periness of asphalt arose from the greater 
number of horses falling at one time. 
He was strongly of opinion that the au- 
thor was correct when he stated that 
this absence of fouothold was due to 
want of cleanliness. The city corpora- 
tion had recently put down a number of 
hydrants all over the city area. If these 
were utilized in cleansing asphalt, the falls 
of horses would be reduced considerably 
The author had made no allusion to the 
fact that during the past few years the 
new pavements of Paris in asphalt 
were much inferior to those formerly 
laid. It had been asserted that this was | 
owing to the use of the Lobsann asphalt, 
which did not contain sufficient calcare- | 
ous matter in the natural rock. 

Mr. A. Soursam remarked that where | 
it was desirable to lay asphalt on car- | 


riage ways, there could be no doubt that 
compressed asphalt was the best for that 
purpose. He had paved about 25,000 
yards of footway in the parish of Clap- 
ham, since 1872. Various small speci- 
mens were first laid. Then about 1,000 
yards of Barnett’s asphalt, 1 inch in 
thickness, was tried; the cost was 4s. 6d. 
per square yard, and it was still in ex- 
istence, and might be considered a fair 
path. It was afterwards thought desir- 
able to make the best footpath that 
could be obtained in asphalt, and, after 
considerable investigation, the Val de 
Travers compressed asphalt was selected, 
and more than 20,000 superficial yards 


‘of that material had been Jaid. A great 


object was to secure uniformity of pav- 
ing throughout the district, also facility 
in executing repairs. It was somewhat 
unfortunate that transverse cracks had 
appeared about every 6 or 8 yards, 
They made their appearance from about 
three weeks to twelve months after the 
path was laid. Some of the cracks were 
cut out, when it was found that corre- 
sponding cracks existed in the concrete 
below. The whole piece was cut out, and 
new concrete put down, which was kept 


‘exposed for six or eight days to harden. 


Then a thin coating of mastic asphalt 
was laid over it, previous to the powder 
being restored. Similar cracks, how- 
ever, appeared again in the same line, 
and it was difficult to account for them. 
He thought to some extent they depend- 
ed upon the concrete. Great pains were 
now taken with it, and 6 parts of ballast 
to one part of cement had been substi- 
tuted for 8 parts of the former to 1 part 
of the latter, clean Thames ballast 
being used; it was mixed with very 
little water, and was well beaten with 
shovels. The cement had been tested, 
and had broken at a pressure of 450 
Ibs. to the square inch after seven 
days, during six of which it was laid in 
water. ‘The concrete for the last piece 
of paving was kept open for fourteen 
days, so that it was dry before the pow- 
der was laid upon it; the footpath was 


previously rolled and consolidated; and 


this path had shown very few cracks. 
He was inclined to think that compressed 
asphalt was scarcely so durable as had 
been generally supposed. The mastic 
asphalt he believed was somewhat hard- 
er, though it was objectionable from 
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the uncertainty of its mixture, from the | covered that the pavement was affected 
difficulty of making the repairs to match | by the humidity of the atmosphere or 
the rest of the paving, and from the fur-| by rainy weather. They sometimes 
naces for melting it having to be in the| found, when the drying process had set 
street. He had not yet decided whether | in, that there was a little streak through 
it was advisable to continue the use of|the footway, but in a day or two it 
compressed asphalt, or to resort to the/entirely disappeared. On the grounds 
mastic. He was surprised at the im-|of economy, noislessness, and cleanli- 
mense area of footway paving laid in| ness, after the many pamphlets that had 
Paris, but the author had not stated of | been written and the many reports pre- 
what it was composed. Mr. Southam’ sented, there could be no doubt as to the 
presumed that was chiefly mastic. The) superiority of asphalt; and he believed 
Val de Travers Company had assisted that compressed asphalt for roadways 
him greatly by their willingness to lay! possessed greater advantages than any 
the concrete in any way that might be | other material. The roadway in Uheap- 
desired, and to keep it exposed for any side had been laid ten years, and it was 
length of time. Their manager had | still in existence. The heaviest traffic in 
suggested that lime concrete would pre-| the world passed over it, but it had 
vent the cracking, and accordingly one never been interrupted foran hour. The 
line of path had been laid with it. It repairs were done early in the morning, 
was not a success; there were no trans-/| and the result was that Cheapside pos- 
verse cracks, but it had failed from the | sessed a clean, noiseless, and cheap road- 
settlement of the concrete, which was! way, which, as he knew from the shop- 
not yet hard, and had cracked longitudi- keepers, was regarded as an enormous 
nally from the frost. The concrete in| boon. As tothe objection on the grounds 
this instance was laid from fourteen to! of slipperiness, that, as the author had 
eighteen days before being covered with | explained, was a question of cleansing, 
asphalt. Very few cracks had appeared and not a question of asphalt. If engi- 
in the city paths. The foundations were, | neers and district surveyors would im- 
perhaps, more solid, and owing to the press upon the Vestries of London the 
greater traffic brought to bear upon them, | importance of spending more money in 
the asphalt was more compressed and | cleansing the roadways, they would con- 
kept in its place. The asphalt in Clap-| fer an immense benefit upon the com- 
ham had suffered from cracks during the munity. The condition of the lanes, 
late severe winter, but they had all been | slums, and alleys of London was deplor- 
longitudinal instead of transverse, and able. The rejected granite sets and 
after the frost they had closed and did York flagging from the richer districts 
not look so bad. In this district the use| were transported to those localities, 
of asphalt would probably be largely ex- where the children of the poor were 
tended if a perfect paving could be laid. congregated, and where they played 
He would be glad to know which was | about all day in puddles. If the author- 
the best description of asphalt to use for | ities would only give them asphalt, they 
’ footway paving. 'would be doing something towards mak- 
Mr. H. C. Scorr observed that, as a dis | ing life tolerable to many who now re- 
rector of the Val de Travers Asphalt garded it as littie better than a burden. 
Company, he might be permitted to re-| Mr. W. B. Lewis asked if any one ac- 
fer to their experience of London road- customed to lay asphalt upon concrete 
ways. The question of cracks uponcom- had ever tried the plan of laying the 
pressed asphalt footways was one that he concrete in slabs, with joints, in order to 
frankly confessed had once given them prevent cracks. Engineers who had 
some concern; but they were of opinion | used concrete in large masses were aware 
that the fault would only last a short that the difficulty of cracks frequently 
time. In going along the Cheapside occurred. At the Victoria docks, in one 
pathway, which had been laid between | wall 14 mile long, and 33 feet or 34 feet 
three and four years, he had not observed high, of solid concrete, there was a hair 
any cracks; and in Moorgate Street,| crack through it at about every 14 feet. 
where it had been laid four or five years,| He presumed that this arose from the 
there were very few. He had not dis-| material being homogeneous, and that 
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there must be expansion and contraction | 
somewhere. Possibly the cracks in the | 
asphalt pavement arose from the concrete | 
being laid in one continuous mass. 

It must have yielded somewhere to at- 
mospheric influences, and consequently | 
cracked. If it were laid in slabs, with 
joints ever so small at intervals, possibly 
that would get rid of cracks in the as- 
phalt. 

Me. Joun Kyicur said that Portland 
cement concrete expanded and contracted 
according to the weather, while asphalt, 
if laid in a mastic state, neither ex- 
panded nor contracted, whether 4 inch 
or | inch in thickness. It appeared that 
the asphalt in Brighton had not cracked 
because it was in an elastic state, while 
that laid in Hove in a compressed state 
had cracked. The reason for the crack- 
ing was that it was not of sufficient | 
thickness—only ? inch; and the same 
reason applied to other cases that had 
been mentioned. No cracks had ap-. 
peared in Cheapside or in Moorgate | 
Street, because the asphalt had been laid 
of sufficient thickness—1 inch. Com- 
pressed asphalt should not be laid less 
than that thickness, otherwise it would 
crack in every direction. The first as- 
phalt of the Val de Travers Company 
that he had noticed was in a mastic state. 
It did not last very long; it was not 
suitable as a mastic asphalt, but as com- 
pressed asphalt it was very good. When 
a surveyor saw apiece of York stone, 
he could express an opinion as to whether 
it was good or bad; but he could pass 
no such opinion with regard to asphalt, 
whether in a mastic state or compressed. 
The goodness of the material was only 
to be ascertained by its durability. The 
best piece of asphalt in the city was laid 
in a mastic state in King William Street, 
eight or nine years ago, and it still ex- 
isted as when first laid, with the excep- 
tion of a few repairs for gas and water | 
purposes. 

Mr. J. Focrrty observed that he had 
had some years’ experience, both as an 
architect and as an engineer, in laying 
pavements and in the use of asphalt and 
Portland Cement for the covering of. 
roofs and other structures. He did not) 
believe that a layer of 2 inch of asphalt | 
of any kind was sufficient, especially in| 
footways. The chief cause of cracks 
was, he thought, to be found in the con- | 


crete, and there was only one way to get 
rid of them—a plan that he adopted ten 
years ago—never to lay more than nine 
feet length of concrete at once, bringing 
straight joints across the footpaths by 
inserting boards, withdrawing them 
when the concrete was soft, and leaving 
the fissures open for a_ considerable 
period. The great trouble in getting 
concrete laid was, to induce the work- 
men not to use too much water. It 
could not be laid too dry, especially 
where it had to be covered with Port- 
land cement or asphalt. A long discus- 
sion had recently taken place at the 


Royal Institute of British Architects 


on Portland cement and concrete, and it 
seemed to be the general opinion that 
one of the chief troubles connected with 
concrete was the over use of water by 
workmen. If it was laid almost dry, 
and thoroughly rammed and jointed at 
intervals, the joints being left open until 
the water had evaporated, it might be 
covered with asphalt without any fear of 
cracks, provided there was a solid sub- 
stratum. But where it was laid upon 
clay difficulties would invariably arise, 


unless there was interposed between the 


concrete and the clay a considerable 
amount of hard, pounded, dry filling for 
drainage purposes. The most difficult 
pavements were those laid upon a clay 
substratum, and he knew of no mode of 
curing the difficulty except by getting 
out a considerable depth of clay, and 
replacing it by dry material. For cover- 
ing roofs, arches, and the like, he pre- 
ferred the mastic to the compressed as- 
phalt. For level roadways and foot- 
paths there could be nothing better than 
the compressed asphalt for pavements, 
on the ground of cleanliness, but the 
danger of horses slipping in greasy wea- 
ther was a serious one. He had often 
passed through Cheapside in muggy 
weather and seen several horses down at 
one time. Whether that could be ob- 
viated the did not know. The question 


had not been fully dealt with in the paper, 


and he hoped the author would allude to 
it in his reply. The only remedy that 
could he suggested was a thorough cleans- 
ing, which, so far as Cheapside and 
similar streets were concerned, could 
only be done during the hours of traftic 
by means of numerous hydrants, and the 
constant use of hose-pipes with large 
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side apertures, such as those used in 
Paris, to carry off the washings into 
drains or reservoirs. Allusion had been 
made to the operations of gas and water 
companies which destroyed the roads 
and pavements in cities. Some twenty 
years ago, the parish of Marylebone 
offered a prize for the best section of 
subway, and it was won by a young 
student in the engineering class of Uni- 
versity College—Mr. Davis. Since that 
time very few subways had been con- 
structed in London, and even in those, 
gas and water companies were very un- 
willing to place their pipes. The only 
objection he had heard was that the es- 
cape of gas in such enclosed places 
would be dangerous. On that point he 
should be glad to hear the experience of 
the city surveyors who had charge of 
streets and subways in which gas pipes 
were laid. 

Mr. Henry G Lenn attributed the 
cracks that had occurred in the Val de 
Travers asphalt to the want of a suffi- 
cient quantity of bitumen. Heating the 
powder drove off the bitumen to a large 
extent, and if the quantity was reduced, 
as stated in the paper, to 94 or 10 per 
cent., cracks would be sure to occur in 
severe weather. In the case of mastic 
asphalt, the difficulty could be obviated, 
because the cauldron was in the street; and 
if the asphalt did not contain a suflicient 
quantity of bitumen, an addition could 
be easily made to it, and an experienced 
foreman would know what quantity to 
add. Some reference had been made to 
mastic asphalt not wearing so well as 
other kinds of asphalt. A good deal 
depended upon the size and quantity of 
the grit put into it. There ought not to 
be too much, and the size should not be 
too large. If it was too large, it would 
work out, which a small piece of grit 
would not do. When the Barnett As- 
phalt Company was in existence, it was 
the practice to use. the large grit, and 
the consequence was that nearly all their 
work failed. He had seen concrete laid 
down in 6 or 7-feet lengths, and allowed 
to get thoroughly dry at the end; and 
when the next layer of concrete was put 
on, it had not been sufficiently wetted 
and properly jointed. In such a case 
cracks would arise through the concrete; 
and if the asphalt did not contain a 
suflicient quantity of bitumen, it would 





go through tothe surface of the asphalt. 
He did not agree with those who had 
said that the concrete should not be laid 
in long lengths. He thought the more 
men that were employed, the more quickly 
the concrete could be laid, and the longer 
the lengths the better. The work was 
then all of a piece, and was in the best 
condition to receive the asphalt. 

Mr. E. J. Harrison had under his 
control, on behalf of the Val de Travers 
Company, the majority of the asphalt 
roadways in the City of London. The 
history of the compressed roadways in 
London was soon told. The first laid 
was that in Threadneedle Street in 1869. 
It consisted of a layer of two inches of 
Val de Travers compressed asphalt on a 
concrete foundation. Ile had no doubt 
that many members had noticed it when 
it was being laid, as it created a great 
sensation at the time. Ie remembered 
loeking at it and wondering how many 
weeks it would last. It was now within 
two months of being eleven years old, 
and was still, as it always had been, in 
good condition. Some new Aberdeen 
granite had been laid beside it for a 
trial of endurance, and seven years after- 
wards it had got into such a state as to 
require re-dressing and _ re-setting ; 
but that was not done, because, when 
the inhabitarts of the street learned 
that the street was going to be 
closed for repaving, they expressed 
a preference for an asphalt roadway, 
which the city authorities gave them, 
Since 1869 the progress of asphalt road- 
ways throughout London, though rather 
slow, had been steady. There were now 
in the city of London alone 12,000 
or 14,000 thousand lineal yards of 
paving, covering a superficial area of 
150,000 yards. The Val de Travers 
Company had upwards of one hundred 
roads under their charge, many of them 
being the main thoroughfares of the 
city, having a concentrated and heavy 
traffic; and the area would be consider- 
ably increased during the present year. 
One noticeable feature with regard to 
the use of asphalt was the great number 
of preparations that had been tried. 
Between 1870 and 1880 more than fif- 
teen had been employed in London, most 
of which had proved failures. His Com- 
pany had already replaced eight or ten 
of them, not always under favorable cir- 





cumstances for the company. In order 
to shorten as much as possible the time 
during which the streets were closed for 
re-paving, the company had generally 
agreed to lay its asphalt upon the old 
concrete foundations, some of which had 
been almost as bad as the asphalt that 
had been placed upon them, while 
others had been damaged by the traffic 
passing over them after the asphalt had 
worn out. In main thoroughfares like 
those of London, where every heur’s 
stoppage of the traffic affected not only 
the occupiers of the particular strect, 
but more or less remotely tlhe traffic of 
the whole of London, the use of a pav- 
ing material which required constant re- 
newals or freqnent repairs was a serious 
matter. He certainly could claim on 
behalf of the Val de Travers Comipany, 
that it had never closed a city street for 
repairs, and such repairs as it had done 
had never affected the traflic in any ap- 
preciable degree. A very little hole, if 
neglected, speedily became a big hole, 
and for their own interest, if for no other 
reason, they had always taken care of 
the little holes; the repairs, therefore, 
had been generally done ona small area, 


rarely exceeding 2 or 3 square yards, and 
early in the morning before the traffic 


commenced. The openings for gas and 
cuttings for water pipes, which were 
generally a source of great obstruction, 
were less serious with an asphalt road 
than with any other paving material. 
A hole could be cut exactly the size re- 
quired, and when the work was done it 
might be made good immediately. More- 
over, leakages in mains under an asphalt 
road were less frequent than under any 
other material, on account of the absence 
of vibration. Still those cuttings had to 
be made, and frequently there was a trifl- 
ing settlement of the new work, pro- 
ducing hollows and forming puddles, 
which were more conspicuous on an as- 
phalt surface than on any other; so that 
he should be glad to see the introduction 
of subways under the London streets. 
At the request of the author, he had had 
small samples of the roadways cut out 
from some of the oldest roadways hav- 
ing the heaviest traffic, and they were on 
the table for inspection. Two of them 
were from Cheapside, ten years old; one 
was from old Broad Street, and another 
from Gracechurch Street, nine years old; 
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and one was from the Poultry, a re-lay 
which was only three years old. The 
roadway of the Poultry was only three 
years old, because the houses on the 
north side were set back several feet 
three years ago, necessitating an altera- 
tion in the footway and roadway. The 
company laid down new concrete where 
necessary, and faced up the old, and 
then spread asphalt on the top of it. 
They had good weather, and with the 
assistance of the authorities, and the 
good will of all the inhabitants, they 
managed to carry out the work in seven- 
teen days. It had proved very satisfac- 
tory, and they had never had occasion 
since to spend a penny upon it. When 
Mr. Deacon’s Paper on “Street Carriage- 
way Pavements” was read and discussed,* 
very little was said about asphalt road- 
ways, Mr. Deacon stating that he had 
had no experience of them; the gradients 
in Liverpool not allowing the use of as- 
phalt. He had been struck with the 
unanimity with which every speaker 
on that occasion urged the necessity of a 
solid foundation for a good road. As- 
phalters were especially of that opinion. 
An asphalt road was in reality a con- 
crete road with a surface of asphalt put 
upon it to carry out certain ends. If 
the concrete foundation were taken away, 
or tampered with, or negligently laid, 
asphalt itself would form a very sorry 
paving. In dealing with that question, 
one important point to be considered was 
the obligation under which the engineer 
or surveyor was placed to have the road 
closed for paving for the shortest pos- 
sible time. For that reason his company 
had always urged the desirability of lay- 
ing a concrete composed of a quick-set- 
ting Portland cement with the best ob- 
tainable ballast. As far as his experi- 
ence went, if a lime concrete was sealed 
up hermetically by asphalt on the top, 
there was no knowing what might hap- 
pen underneath; whereas, if Portland 
cement concrete were left open for a few 
days and then covered with asphalt, 
engineers could form a pretty good idea 
of what would happen. In London they 
were indebted to the French asphalters 
for all that they had first learned as to 
the nature and treatment of asphalt; but 
he thought that they had now beaten 
their instructors, putting down better 


* Vide Minutes of Proceedings Inst. C. E., vol. lviii,, p. 1. 
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work and maintaining it better. He had 
been struck on a recent visit to Paris, 
with the condition in which some of the 
roads had been allowed to get. He be- 
lieved that it had partly arisen from the 
system there adopted of requiring the 
contractor to take up every year, whe- 
ther it was required or not, one-fifteenth 
of the work laid down, which he re- 
garded as a premium on bad work. An- 
other reason was the use of lime con- 
crete with lime mortar on the top. The 
only failure that he knew in Val de 
Travers roadways had been in connec- 
tion with the use of lime concrete under 
lime mortar in the roadway laid (after 
that in Threadneedle Street) in Holborn, 
opposite Gray’s Inn. It had been laid by 
Englishmen who were novices, and who 
followed slavishly the specification pre- 
scribed by the French engineers. That 
specification prescribed a layer of about 9 
inches of lime concrete with 2? inch of 
lime mortar. When the concrete was 
ready to receive the asphalt, a fire broke 
out in Holborn, and the barriers protect- 
ing the concrete were broken down; the 
place was flooded with water, the en- 
gines drove over the concrete, and the 
population of Gray’s Inn Lane trampled 
it down. It was subsequently made 
good; the asphalt was spread, and some 
time afterwards the Val de Travers 
Company succeeded by inheritance, to 
its maintenance, and certainly it had 
been a “heritage of woe.” For five or 
six years they had kept up the road at 
considerable expense and trouble, and at 
the end of that time they received the 
permission of the road authorities to re- 
lay the whole in two longitudinal strips, 
so as not to stop the tratlic. On remov- 
ing the asphalt it was found that the 


lime concrete had never set, that the) 


mortar floating had never adhered to the 
concrete, but was mostly in powder, pro- 
duced either by the action of the ram- 
mers, or by the traffic afterwards. They 
broke up the concrete, sifted out the 
lime, relaid the foundation with Portland 
cement, and put fresh asphalt on the top. 
That was done about four years ago, and 
the work had since proved satisfactory. 
Some of the workmen now in his employ, 
who had been previously engaged in 
Paris, had told him, that in several of 
the roads there the asphalt had been laid 
upon the existing macadam. The author 





had referred to certain roadways of 
asphalt with granite channels. It ap- 
peared to Mr. Harrison that granite chan- 
nels were superfluous. As between an 
asphalt roadway with a granite channel, 
and a granite roadway with an asphalt 
channel, gua channel asphalt would be 
the preferable material. The Val de 
Travers Company had laid a great many 
footpaths in England, both in mastic and 
in compressed asphalt, and he was of 
opinion that it was not desirable to have 
the material of a less thickness than 3 
inch. Some years ago they laid 4-inch 
mastic footpaths, but the result had not 
been such as to encourage that mode of 
construction. It had even been adopted 
in some of the streets in the City of Lon- 
don having the heaviest traffic, such as 
Gracechurch Street and King William 
Street; but in four or five years the foot- 
paths had become so much worn that it 
was thought desirable to take up the 24 
inch mastic and lay down ?-inch com- 
pressed, which had stood tairly well. 
He had been surprised to hear that his 
company had been credited with a pre- 
ference for lime concretes over cement 
concretes for footpaths. That was far 
from being the case. The footpath re- 
ferred to was laid as a sample under 
some special conditions. It was a fact, 
that in certain footpaths, particularly 
those in the suburbs, where there was 
little traffic, transverse hair cracks ap- 
peared from time to time. The first 
cracks to which his attention had been 
directed, were in the footway round the 
garden in Leicester Square, and appeared 
six years ago. The cracks were there to 
the present time; they had not in any 
way affected the stability of the work, 
but tliey were unsightly, and he should 
be glad to be able to prevent them. He 
had noticed that the better the concrete 
on which the footpaths were laid, the 
greater the number of cracks appearing 
in them, and the worse the concrete the 
fewer the cracks; indeed, if they laid the 
concrete bad enough there were no cracks 
at all. He had found it impossible to 
lay a horizontal riband of good cement 
concrete 3 inches thick without finding 
a hair crack at every 10 or 20 feet. The 
crack in compressed asphalt followed the 
craek in the concrete. Of course the 
footpaths were not subject to that hard- 
ening effect which was produced by the 








area ee ee 


a ae ere ee 


EXPERIENCES WITH ASPHALT. 


49 





rolling of wheels on roadways. He never 
remembered seeing a crack in an asphalt 


roadway, although he had little doubt: 


that cracks might be found in the con- 
crete underneath. Mastic asphalt being 
more elastic than compressed asphalt, the 
tracks were not so numerous in it. 
Nevertheless he was of opinion that, 
ceteris. paribus, a compressed footpath 
was a more desirable one than a mastic 
footpath. It was pleasanter to walk 
upon, owing to the absence of grit; it 
was handsomer, and it was also cheaper 
to lay; moreover, it had not the disa- 
greeableness of mastic footpaths, arising 
from the smell of the burning asphalt in 
the cauldron. With regard to the sur- 
face duration, he believed that the com- 
pressed asphalt was better than the 
mastic. He was not surprised that very 
little had been said on the subject of 
slipperiness in connection with asphalt. 
The matter really lay in a nutshell. 
Roads when dirty were slippery, whether 
paved with granite or asphalt; butin the 
case of granite, a slipping horse might be 
pulled up by the joint of the second or 
third stone, whereas on an asphalt road 


there were no joints to prevent a fall. 
The true remedy was to keep the roads 
clean, as was done in Paris, where the 
asphalt road was a favorite one with 


cabmen and omnibus drivers. He was 
glad to find that, quite recently, the City 
authorities had arranged to have a cer- 


tain number of hydrants used for wash- | 


ing the streets. He hoped that the ex- 
periment would be carried out carefully, 
and that the streets would be washed 
every morning before the traffic com- 
menced. 

Mr. H. 8. Copianp said that the paper, 
although its title was “On the use of 
Asphalt in Engineering,” dealt only with 
one kind of asphalt, the Val de Travers, 
and of its use chiefly in the construction 
of roads, or rather in the coating of road 
surfaces, which was only a small branch 
of a large and important subject. He 
maintained that asphalt was wrongly 
used if employed as the surface of a 
roadway. Engineers had to consider 
other things besides the cleanliness of 
the material and its noiselessness. As to 
the latter, though asphalt was free from 
one class of noise, it was attended with 


another—the clatter of the horses’ hoofs, | 
which was very irritating to persons of | 
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nervous temperament. Nor was it enough 
to pay attention to the durability of the 
road; they had also to take into account 
the foot-hold given to horses, and the 
amount of tractive effort required, not 
only to draw the vehicles along the road, 
but to start them; and they had further 
to consider the cost of construction, 
maintenance, and cleansing. In regard 
to cleanliness, a good asphalt road was 
undoubtedly the best that could be con- 
structed, and as to its impermeability to 
water, thus affording a protection to the 
foundation, it was also an excellent mate- 
rial; but for slipperiness and deficient 
foot-hold it was about the worst road in 
existence. Aslaid by the Val de Travers 
Company, it was exceedingly durable, 
but it was costly in the first instance as 
compared with other materials. Taking 
all the requirements into consideration, 
he had arrived at the conclusion that for 
the surface of a rodd no material was 
equal to wood. But in order to obtain 
a good foothold on wood, it was neces- 
sary to leave spaces between the courses, 
principally for the want of which the old 
wood-roads of twenty years ago had 
fallen into disuse. Other reasons for 
their discontinuance were that they had 
not been placed upon a proper founda- 
tion, and the blocks were not properly 
cemented or keyed together. He be- 
lieved that the proper mode of using 
asphalt was to lay a damp-proof course 
of that material (to prevent the infiltra- 
tion of water) on a foundation of con- 
crete, and then to place wooden blocks 
upon the asphalt layer to take the sur- 
face wear of the traffic. The blocks 
were not only keyed to the concrete, but 
they were keyed to each other by the 
asphalt running into the joints, thus 
forming a monolithic slab of material, 
which afforded a good foothold, could 
be readily kept clean, and was compara- 
tively noiseless. As such a slab extended 
from one side of the road to the other, 
the weight of the traffic was transmitted 
over a large area, and was not confined 
to one block; the road being elastic, 
would wear uniformly; it would not 
press too directly upon the concrete 
foundation, and particularly on one part 
of it, and a smaller depth of concrete 
would suffice. Such a surface, if the 
wood were properly selected, would re- 
main perfect for a number of years. In 
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Boulogne, four and a half years ago, he 
had laid down blocks only half the depth 
of those used in London, for a traffic ex- 





ceeding 120,000 tons per annum in a_ 


street 20 feet wide. The surface was 
still perfect, and there were no depres- 
sions. The wear was solely from surface 
attrition, and had amounted to about ,5- 
inch per annum. The London company 
formed to:work his English patent had 
laid 60,000 square yards in London roads 
which had not in some cases worn quite 
so well as the road in Boulogne, in con- 
sequence of the wood not having been so 
well selected. 


be from 12 to 15 franes per square meter 
(the amount given for the road described 
by the author being 17 francs), and the 
average cost of maintenance would not 
exceed 1s. per square meter per annum. 
’ He therefore maintained that his road, 
while offering all the advantages of free- 
dom from noise, and being a better road 
for traction, would cost the municipality 
of Paris less, over a term of years, than 
asphalt. With regard to slipperyness, it 
appeared from the report presented by 
Mr. Haywood to the City Commissioners 
of Sewers in 1873, that on granite pitch- 
ing one horse fell for every 132 miles 
traveled. On Val de Travers asphalt one 
horse fell for every 191 miles traveled; 
and on wood pavement (not asphaltic 
wood pavement, but the nearest approach 
to it), one horse fell for every 446 miles 
traveled. But the nature of the falls 
ought to be taken into consideration. 
Of the total number of falls on wood 
pavement, only one-eighth might be 
called dangerons, while three-sevenths 
of those on asphalt were dangerous. 
The danger was not simply from broken 
knees and from directly observable dam- 
age done to the horse, but from sprains 
in the attempt to regain afoothold. In- 
jury of that kind was far more serious, 
more insidious, and less easy of cure. 
He concluded that, in all crowded streets, 
asphalt as a surface pavement should be 
given up. He agreed with Mr. Scott, 
that it might be used with advantage 
for the paving of narrow courts, alleys, 
and play-grounds for children; but the 
safety of grown-up people ought also to 
be considered, who, in crossing crowded 
thoroughfares, were constantly run over 


The cost of such a road, | 
2 | 


fit for the heaviest traffic in Paris, would | was mixed with stones and gravel, form- 
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ted at a great speed, and were pulled up 
‘with difficulty. The durability of all 
roads depended to a great extent upon 
the character of the concrete. He found 
that lias lime, properly used, was as good 
as cement, but it was necessary that it 
should be ground to a fine powder, and 
that it should be fresh and uniformly 
mixed, care being taken not to use too 


“much water. 


| 


Mr. E, A. CowpPer observed that no 
one had touched upon the cheap method 
of making footpaths in the neighborhood 
of London, with tar and gravel, as now 
practised. A few years ago the material 


ing a sort of pudding, the whole thick- 
ness being put in at once, and as soon as 
the hot weather came, the tar exuded 
from the top, making a very bad, soft 
footpath. Of late years large stones 
alone had been put at the bottom, which, 
having received a coating of tar or pitch, 
just touched each other at points with 
their tarry surfaces. Above that a thin 
coating of finer material was placed, with 
a thin coat of fine stuff on the top. This 
made a splendid path; no tar exuded 
from the top, as any surplus drained 


‘down to the bottom, and the path was 


firm, hard, durable and clean. 

Mr. J. Lovecrove desired, having had 
some experience in the use of asphalt on 
public footways, to make a few remarks. 
In the year 1869, when in Paris, he ob- 
served the peculiar condition of the road- 
way opposite the Tuileries; the asphalt 
appeared to have worked up into leaf-like 
layers, in a plastic state, and those layers 
occurred at distances of about 100 feet. 
He had little doubt that the cause was 
that the road had been repaired with as- 
phalt too rich in bitumen. In the same 
year he also observed the paving of the 
road along the Rue St. Honoré; the pro- 
cess appeared to be different from that 
which was now adopted. There was first 
a layer, 4 inches thick, of hydraulic lime 
concrete, and then a layer of about 1 inch 
of mortar troweled. The concrete was 
beaten with instruments similar to the 
tools used by gardeners for beating turf. 
On the top was a 3-inch layer of pow- 
dered asphalt; the channels were pressed 
into form by a rammer about 9 inches 
long and 2 inches thick, and were well 
rammed; then a heated roller was applied 


by horses, which on asphalt roads trot-|over the whole surface. A roller with 











EXPERIENCES WITH ASPHALT. 51 





eight or ten carriage wheels, working 
upon a common axle, was also passed 
over it in various ways for a considerable 
time. Before he left Paris a considerable 
portion of the asphalt had to be taken 
up, and he believed the whole was rein- 
stated He well remembered the care 
with which the concrete used in Thread- 
needie Street was mixed, and the quiet, 
steady way in which the foreigners 
worked upon the asphalt. It was a unique 
piece of work, and he would urge upon 
all asphalt representatives to endeavor 
to repeat it elsewhere. Great difficulty 
had been experienced in keeping in order 
a short piece of asphalt roadway oppo- 
site Hackney Town Ilall, divided into 
three slips by tram lines, the tram-rail 
and the asphalt being too unlike to be 
kept together. He had recently tried a 
rough course of granite pitching at the 
side of the rails, which seemed to promise 
well. If well-dressed stones were laid in 
bond course, he thought they would 
answer very well. In 1872 a sample of 
asphalt had been laid along the footpath 
at Dalston Junction for a length of 550 
feet, by the Val de Travers Company, 
and a second length was laid by the Lim- 
mer Company. ‘The first sample near 
Dalston Junction, being subjected to the 
greater wear, was renewed eighteen 
months ago; the other length was now 
wearing near the fence line, the concrete 
being exposed in patches. In 1874, a 
layer of 2 inch of compressed asphalt 
was put along the busy part of Kings- 
land, and a path was also laid in a quiet 
street in Stoke Newington. Shortly after 
cracks appeared at intervals of about 
every 12 feet, which he attributed to the 
contraction of the material during cool- 
ing. He did not believe that the con- 
crete was affected. He had that day 
gone over a portion of the work and 
tested one of the cracks, and found the 
conerete quite sound. He had placed 
upon the table rubbings of three worn- 
out places; they looked more like a rep- 
resentation of the craters of the moon 
than a worn-out asphalt path, but it was 
an interesting mode of showing the con- 
dition of the footpath. Since 1876 about 
160,000 superficial yards of gritted mastic 
asphalt had been laid in Hackney;* it 
was # inch thick, and rested upon a bed 

* Vide Annual Reports to the Board of Works for 
the Hackney district. 





of 3 inches of concrete. The work had 
been executed partly by the Limmer 
Company, the French Company, and 
Leopold Stiebel. Where the paths were 
narrow and the stream of traflic persist- 
ent in one track, the concrete was mak- 
ing its appearance in small patches. 
Sometimes in wide paths the stream of 
traffic was persistent next the fence line, 
and in these cases the path was apt to 
wear out. He would suggest that it 
would be advisable in such instances to 
lay an extra thickness. Of course, the 
fall would influence the traffic; if too 
much fall the traftic would be almost sure 
to keep to the fence Jine. It had been 
said that the quality of the Val de Trav- 
ers asphalt was proved by its wearing to 
a film, but that was not peculiar to that 
asphalt, as the Limmer Company’s asphalt 
behaved in precisely the same way. 
Common asphalt was more easily frac- 
tured, and would not wear to a fine film. 

Mr. Atrrep Davis observed that the 
compressed asphalt blocks used in Paris 
were stated to have been unsuccessful. 
In the United States a block was made 
of refined and tempered Trinidad asphalt 
and finely crushed limestone, thoroughly 
heated and mixed in about equal propor- 
tions, and afterwards subjected to a uni- 
form pressure of 1 ton to the square inch, 
or about 50 tons to the block. The 
standard size was 12 inches long, by 4 
inches wide, by 5 inches deep. The 
blocks had been laid in several of the 
New England States, and he believed 
were being extensively used in New 
York, Philadelphia, and other American 
cities. He had seen a piece of this road- 
way in Philadelphia, after six years’ 
wear, and it appeared in first rate condi- 
tion, although the blocks were inferior 
to those now produced. In laying 
the compressed asphalt block road, a 
concrete foundation at least 4 inches 
thick was provided, over which a thin 
coating of gravel was spread; upon this 
bed the blocks were set close together 
and heavily rammed. The great advant- 
age of this roadway was that it afforded 
« good foothold for horses, and at the 
same time possessed all the other advant- 
ages of asphalt roads as constructed in 
this country. The press employed in the 
manufacture of these blocks had a steam 
cylinder of 40 inches in diameter, worked 


| with a pressure of 90 lbs. per square inch. 
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There was an ingenious automatic ar- | not dried, and it was in that peculiar 
rangement for forcing the block out of state that, although quite clean, it was 


the mould, and carrying it away to any 
desired spot for storage. 

Mr. Freperick Cox, Chairman of the 
Streets Committee of the City of London, 
said he had no connection with asphalt 


companies or wood paving companies; | 


he was not an engineer, and he had no 


scientific knowledge whatever, but per-| 


haps he might be permitted to make a 


few remarks as to the use of asphalt, | 
past, present and future, in the City of 
London. The administrators of the City | 
Commissioners of Sewers gave encour- | 


agement to every projector to send in any 
kind of asphalt or wood pavement that 


was likely to be permanently useful. | 


About thirty different kinds had received 


a fair and proper trial; most of them) 


crumbled into dust or proved to be ut- 
terly worthless, but there were a few 


that had stood a severe test. In _his| 


opinion the Val de Travers was the fav- 
orite company; but other companies had 


laid down asphalt with good results, 
Mr. Haywood, the engineer of the Com-| 


missioners, who probably had had more 
experience in roadways than any other 
person in the kingdom, reported, five 


years ago, that, after trying the various | 


kinds submitted, he found that good 
compressed asphalt was the cheapest, 


dryest, cleanest, and most agreeable for | 


the general purposes of traffic, and Mr. 
Cox ventured to say that if Mr. Haywood 
were giving his opinion now, it would be 
expressed in still stronger language. 


The Commissioners had carried out large | 
paving works both with asphalt and) 
wood, and probably the main reason that 


guided them in putting down so much 
wood was that the asphalt, especially 


when put down in great lengths, was 


found to be extremely slippery. In very 
dry or very wet weather the foothold of 
the horses was good, but when the pave- 
ment was muddy it was extremely incon- 
venient. It had been suggested that all 
that was necessary was to clean the 
streets, but what could be done with a 
place like Cheapside, when ten or twelve 
thousand vehicles passed over it every 


day? After eight o’clock in the morn-| 


ing it was useless to attempt to do any- 
thing of the kind. At six o’clock that 
very morning Cheapside had been thor- 
oughly cleansed; at nine o’clock it had 


very slippery. Grit had to be thrown 
upon it in order to enable the horses to 
stand, and that state of things continued 
until the afternoon, when the rain came 
|on and converted the grit into mud, 
which was probably so still, unless the 
heavy rain that had since fallen had 
washed it intothe gullies. If cleanliness 
‘could be accomplished, in his opinion 
asphalt would be the best roadway for 
all the main streets; its use had, however, 
been attended with great difficulties, and 
the authorities had not yet decided which 
plan to adopt. To show the difficulties 
that were experienced, he might mention 
that three years ago the Commissioners 
commenced washing the streets, but they 
were threatened with an injunction from 
the Court of Chancery for washing con- 
crete down the sewers. The Metropolitan 
Board of Works, who had the care of the 
main sewers, said, “ It is all very well to 
/wash your grit into our main sewers, but 
we must be careful what we do, because 
the Conservancy Board are threatening 
|} an injunction against us for raising shoals 
in the bed of the river.” That, however, 
‘did not frighten the authorities in the 
City, who went to an expense of £10,000 
\in providing large catch-pits to the gullies 
in the City in order that the deposits might 
be removed, which was done almost 
daily. Then arose a qnestion about the 
water carts, which caused so much ob- 
struction in the crowded streets that the 
police interfered. The authorities had 
endeavored to deal with that, and they 
had spent £20,000 during the last two 
years in erecting hydrants in every street 
and court in the City, both for the pur- 
| pose of extinguishing fire and of watering 
the streets. Those hydrants were just 
completed, but had not been set to work. 
With regard to wood pavement, he be- 
lieved it was one of the dirtiest ard 
greasiest pavements ever put down in 
the City of London. Dirt was carried 
from it over 100 or 200 yards of the 
asphalt, and rendered that which was 
previously clean excessively, dirty. He 
believed if the Commissioners could suc- 
ceed in getting clean asphalt, so as to 
‘avoid slipperiness, wood pavement 
'would make very little progress in the 
City of London, exept up gradients that 
| were not suitable for asphalt. 
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Mr. W. H. Deano, in reply, said his 
experience in reference to scavenging 
was confined to Paris, where the work 
was effectually done both in wet and dry 
weather. Gangers were constantly at 
work, and they were paid about 3}d an 
hour. The gully holes placed under the 
curbs were large and the drains were 
roomy, so that the slush was easily 
passed down them. Hydrants had been 
erected all over the city, and after heavy 
rains they were used to flush the road- 
ways and carry the mud into the drains. 
Of course it got into the river and 
formed banks, but that was the affair of 
other authorities. He would suggest 
that the catchpits to which Mr, Cox had 
alluded might be emptied by a pneu- 
matic system of pumping into carts. For- 
merly mud carts were employed with re- 
volving brushes to take up the slush; but 
he believed they had been superseded. 
It was evident that scavenging could not 
be done in London without considerable 
expense; but probably London mud, like 
Paris mud, contained fertilizing qualities, 
so that some set-off might be obtained. 
With regard to the granite sets in Paris 
to which Mr. Ellice-Clark had referred, 
he had given particulars of the cost, and 
also of the cost and maintenance of the 
macadam, in the appendix to his paper, 
and an interesting report had been pre 
sented upon the subject by M. Vauthier. 
As to the cracks which had been so fre- 
quently mentioned, he believed they re- 
sulted in nine cases out of ten from the 
concrete. If mastic asphalt was placed 
on wet concrete it would blister and 
sometimes crack, especially if the bitu- 
men used as a flux to melt it was not 
well purified. Some engineers used 
straight joints to prevent cracks. He 
had also seen hoop iron put in between 
the concrete at certain distances when it 
was not too thick. It was always well 
that the asphalt, liquid and mastic as 
well as compressed, should be sufficiently 
thick. Unfortunately Municipal Boards 
often required things to be done cheaply, 
and hence the thickness of the asphalt 
was less than it ought to be. In Paris, 
where a fifteenth part had to be renewed 
every year, thickness was not such a 
desideratum. In the case of gritted 
mastic, the thinner the mastic the finer 
the grit should be. Where the mastic 


was thick, a coarse grit might be used, | 





as shown by the specimen of asphaltic 
concrete on the table. There were few 
compressed footpaths in Paris. In 1874 
he laid on the Pont Royal about 200 
square meters of this material, under the 
orders of M. Allard, now Chief Engineer 
of the City of Paris, and it was now in 
good order. At one part it was laid 4 
inch thick, in other parts 2 inch, and in 
others 1 inch. It had a better appear- 
anee than mastic, but it cost more, be- 
cause the thickness was greater. ‘The spe- 
cific gravity of compressed and mastic as- 
phalt was about the same, but the grit put 
into the mastic made it harder than the 
compressed material. The statement that 
asphalt neither contracted nor expanded 
was certainly an error, Of course the 
laying down of footpaths with gritted 
mastic depended a great deal upon the cli- 
mate. In Marseilles the workmen would 
put into the cauldrons as much grit as they 
did asphalt, making a stiff mixture, which 
required great muscular strength to lay 
down ; inch in thickness, but when it 
was laid it answered very well. No prac- 
tical worker of asphalt would ever use 
compressed asphalt as a coating for 
masonry, because it had not sufficient 
elasticity. Coatings of masonry were 
generally put down +, inch thick, and 
they required a good deal of bitumen; 
sometimes the layers were vertical, at 
other times convex, and frequently had 
to be inserted in recesses inthe mansonry 
prepared for the purpose. Portland 
slabs had been suggested as a concrete, 
but he did not think they would answer, 
because they would require concrete un- 
derneath to keep them level. He had 
been reproached for not having alluded 
to asphalt as a covering for roofs, but 
his experience having been limited to 
France, where such applications were 
well known, particularly in the south, he 
supposed that engineers in London who 
were familiar with such applications 
would themselves refer to them. The 
applications of asphalt were almost 
endless. Ife had just seen a veteran 
asphalter in London who had shown him 
some work that he had done at the Horse 
Guards stables forty years ago. Up to 
the 31st of December, 1877, the chief 
cause of the want of stability of the 
compressed asphalt roadways in Paris 
was owing to the hydraulic lime concrete 
being only 4 inches thick, covered with a 
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lime mortar floating, whereas a layer of | 
6 to 9 inches of Portland cement with-| 
out floating was indispensable. Since | 
the Ist of ~ January, 1878, Lobsann as- | 
halt had been used instead of Val de| 
Ir ravers and Seyssel, as heretofore, which, | 
according to the report of the Paris en- | 
gineers, had not sufficient stability. Seys- | 
sel mastic was chiefly employed in 
France for footpaths and coatings for) 
masonry, whereas Val de Travers had 
been more largely used for compressed | 
asphalt roadways, although by no means | 
exclusively. Wood pavement had not 
succeeded in Paris, the only important 
specimen on the patent plank foundation 
being the Rue St. George’s, which was) 
partially in a bad state,although subject | 
only to light traffic. In several cases | 
wood pavements had been taken up in 
Paris within the last eight years, and 
replaced with granite sets and com-| 
pressed asphalt. Wood was not a 
material of invariable density like com- | 


pressed asphalt, the heart being al-| 
ways harder and less absorbent than | 
the outer rings. It had, however, the 


great advantage of comparative insonor-| 
ity, though vibration was perceptible, | 
and it was excellent for inclines exceed- | 
ing 1 in 50. He thought that sound 
oaken sets, with beveled edges carefully | 
laid on good cement concrete, with $ inch | 
joints filled in with pure asphalt mastic, | 
would render good service for roadways | 
in dry climates, but he doubted if any) 
pure wood pavements would last in Paris | 
or in London much over three years: 
without costly repairs. The smell from) 
rotting wood pavements saturated with | 
the filth of large towns must be deleteri- 

ous. It was well known in Paris that. 
Sicilian asphalt had been taken out of | 
the list of asphalts approved by the city 
engineers for roadways since 1872. He 
had been prohibited from employing 
about 1,500 tons from Ragusa, Sicily, for 
roads in Paris, and had used a good deal | 
of it as ashlar. This rock was available 
for flags, staircases and balconies; it was | 
susceptible of delicate carving for archi- 
tectural ornaments. There were three 


test would class it as a material for road- 
ways. It was quite possible to make 
bad work with good materials, though 
the converse was not true. Still, when 
_good asphalt, properly ground and 
heated and well laid by careful work- 
men, did not stand, it was almost always 
the fault of the concrete. Laying on 
wet concrete, or using burnt powder was 
sometimes a cause of failure. Sets of 
pure Seyssel and Val de Travers powder, 
compressed in a mould 4 inches square 
and 2 inches deep, had been successfully 
used in Paris, but there would be a diffi- 
culty in repairs; it was also cheaper to 
lay hot powder in large towns. Some 
artificial sets, 8 inches cube, composed, 
he believed, of gas tar mastic and 
gravel, had been laid last autumn in 
the Rue Neuve des Petits-Champs, at 
the angle of the Rue Vivienne. The 
piece had been frequently repaired, as 
the surface wore away and crumbled un- 
der the traffic, which was not heavy. 
He had no confidence in bituminous con- 
crete for roadways, except when used as 
a foundation for compressed asphalt, in- 
stead of Portland cement concrete. With 


reference to the Seyssel and Val de Tra- 


vers mines, he had hoped that the engi“ 
neers who had worked them would have 
been present and given personal explana- 
tions. He might mention that the mines 
were easily worked; there was no choke- 
‘damp in them, and little water. The 
rock was blasted with powder, dynamite 
not being used because the asphalt was 
tenacious in its nature. It had been 
‘stated that the test of asphalt was its 


durability. His object in writing the 
paper was that any engineer, sur- 
veyor, or architect, in specifying 


asphalt might have some other test. 
Asphalt might be adulterated; but the 
tests he had given would enable an archi- 
tect or engineer to satisfy himself. With 
reference to the question of nomencla- 
ture, “asphalt concrete ” had been allud- 
ed to in Mr. Deacon’s paper; but he 
was sure from the context that gas-tar 
concrete was meant, which was a differ- 
ent thing. Mr. Cowper also had referred 





qualities, one rich in bitumen, the second | to pitch and tar pavements; but pitch 
medium, and the third poor, the latter|and tar were not asphalt. It was most 
being a coarse-grained yellow stone with | important not to confound them in speci- 
the appearance of sandstone. If it| fications, as their respective values and 
would last three years under heavy | properties were widely different. Con- 
traflic in London without repairs, such a| siderable areas of compressed asphalt 
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had been laid in Berlin, Vienna, Pesth, 
Brussels, and New York, and he regret- 
ted that no engineer had described the | 


mode of laying. 
CORRESPONDENCK. 


Mr. Maurice Brxto, President of the 
Paris General Cab Company, owning 
about twelve thousand horses and six 
thousand vehicles, gave the results of his 
experience as to the most suitable ma- 
terial for roadways for vehicular traffic. 
The worst pavement was porphyry (grey 
Belgian granite sets, 4 inches by six 
inches). Falls of horses were much less 
frequent on asphalt, macadam, or rough 
pitching (sets of Fontainebleau gritstone 
8 inches cube). For the horses, falls 
on asphalt were less dangerous than on 
any other material. Beyond all doubt 
traction was less on asphalt than on any 
other pavement. His company had made 
many experiments on this subject, from 
which he would quote, at random, the 
following, relating to the French four. 
wheeled ‘cab, weighing 658 kilogrammes 
(1,447 lbs.): 

Kilogrammes. 
Traction on rough 


pitching....... 16.37 (36 Ibs.) 
Traction on small 
eee 14.79 (32.5 lbs.) 
Min. Max. 
Traction on mac- 
SE 14.0 to 20.5 (30.8 to 45 Ibs.) 


Traction on com- 
pressed asphalt 
(Val de Travers) 


It was probable, Pen difficult to es- 
tablish otherwise than by comparison, 
that the wear and tear of the different 
parts of a vehicle was less rapid on as- 
phalt than on other pavements. But the 
comparison did not apply in its entirety 
to macadam, in which case the tires of 
the wheel and the horse shoes were the 
only parts that wore out more rapidly 
than onasphalt. The difference of wear 
was due to the jolting produced by sets, 
which naturally induced friction between 
all parts susceptible to that action. He 
thought that traction being less, fatigue 
to the horse would also be less; but that 
was only an opinion, and not based on 
actual experiment. Asphalt was excel- 
lent also for granaries and for lining 
wooden mangers. For the paving of 


2.79 (28 Ibs.) 


periments with the material, but as far 
as they had gone they were well satisfied, 

Mr. Ernest Cuasrrer wished to de- 
precate a practice which had been tolera- 
ted for some time in the depots of the 
City of Paris, viz., the mixture of sev- 
eral kinds of asphalt, with a view to ob- 
tain an average quality which would be 
supposed capable of meeting general re- 
quirements. The principal quality to be 
sought for in rock asphalt for laying on 
road» was, the greatest possible homo- 
geneity in the grain of the limestone, 
and equal regularity in the amount of 
the bituminous matrix. The greater this 
uniformity the longer would be the endur- 
ance of the asphalt roadway. He would 
‘Illustrate this by referring to the fact, 
well known by all engineers concerned 
with roadmaking, that a mixture of hard 
with so’t metal formed a less enduring 
surface than one of the softer material 
alone. The uniform wear of all parts 
maintained cohesion, which, on the con- 
trary, was rapidly destroyed when a piece 
of hard stone was, from continual vibra- 
tion, displaced, without being crushed, 
thereby leaving a hole. When asphalt 
rock was not suitable for road surfaces 
it was either too poor or toorich, Inthe 
first case the particles did not cohere; in 
the second the carriage wheels sunk into 
the material. The practice had been al- 
lowed of mixing these two kinds of rock 
in proportions impossible to be accurate- 
ly determined, the process being left to 
the rule of thumb of the workmen. It 
was only reasonable to suppose that the 
requisite care was not always bestowed, 
and in case of bad mixing bad work 
would result, and a much more rapid 


deterioration must be expected, on ac- 


count of the non-homogeneity of the ma- 
terial. It was, therefore, most important 
that persons proposing to lay down as- 
phalt roadways should, above all things, 
get the particular rock best suited for 
the purpose, and further, should seek to 
obtain it of as even texture as possible. 

Mr. Lavaiarp, Director of the Stock 
and Forage Department of the Paris 
General Omnibus Company, gave some 
information reiative to the traction of 
heavy vehicles on asphalt carriageways. 
The standard omnibus of the Paris Com- 
pany weighed from 1.67 to 1.77 ton emp- 
ty, and from 3 to 3.6 tons when full. The 


stables his company had made few ex- | diameter of the fore-wheels was 44 feet, 


_ 
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of the hind-wheels 5 feet, the width of shocks were imperceptible. Although, 
the tires being 2} inches. The newthree- under the conditions named, hor-es fell 
horse omnibus weighed, when full, from | more frequently on asphalt than on gran 
5 to 54 tons; the diameter of the fore-| ite sets, the injuries received were less 





wheels was 32 feet, and of the hind | serious. It, however, resolved itself into 
wheels 5 feet, the width of tires be-|a question of shoes, and he thought the 


ing 34 to 34 inches. The company’s 
tramway omnibus* weighed, when full, 
6 tons, and the diameter of the wheels 
was 34 feet throughout. The result of 
daily experience showed that when the 
weather was not very warm and the as- 
phalt remained hard, traction on this 
material was less than on ordinary road- 
ways; but that when the asphalt became 
softened, by the heat of a fierce sun, 
traction became considerable and aug- 


mented with the rise of the thermometer 


and the weight of the vehicle. When the 
asphalt was either dry or wet it afforded 
a good foothold for the horses. But 


when the asphalt was beginning to get | 


wet or beginning to dry the horses had 
much difficulty in keeping up. 
such conditions the asphalt was slippery, 


and the fall of the horses became fre- | 


quent. This did not, however, affect the 
traction of the vehicles, which still re- 
mained less than on other roadways, 
The wear and tear of tires, axles, har- 
ness, &c., was less on asphalt because 


Under 


adoption of the Charlier horse shoe had 
met the difficulty. His company had 
found that asphalt succeeded perfect- 
ly as a flooring for granaries and for- 
age stores, but not so well for stables, 
where it had in most cases to be aban- 
doned, owing to the weight of the horses 
(from 10 to 12 ewt. each) causing depres- 
sions in the material when softened by 
the warmth of the recumbent animal. 
The urine collected in these holes, and, 
moreover, the asphalt was too smooth for 
the straw, which was always found kicked 
out behind the stall, Perhaps for horses 
of a lighter build the inconvenience 
would not be so great. Latterly they 
had had reason to believe that the con- 
sistence of the subsoil had some influ- 
ence on the question, because they had 
stables wherein asphalt floors laid ten or 
twelve years ago were stillsin good con- 
dition. The cost of maintaining the 
asphalt laid along their tramways was 1 
franc 20 centimes per square metre per 
‘annum. 
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Ar present the railroad system of the 
world has reached an extent of 123,000 
miles, involving in its construction an 
expense of $11,255,000 and the con- 
sumption of more than one-half the 
total iron production. This excessive 


cost is due, in a great measure, to the) 


necessity of using comparatively light 
grades rather than making the roads 
conform to the surface of the ground, 
With a view of obviating this difti- 
culty many ingenious systems of gravity 
railroads have been proposed, with vary- 
ing success, but they are all open to 





* The vehicle used on the tramways of the Paris 
Omnibus Company is not a car as usually understood, 
but merely a big omnibus on flanged wheels. The tram- 
Way companies use cars of the same character as 
those in London. 


|serious objections which have heretofore 
‘prevented their general introduction, 
With very few exceptions the overcom- 
ing of steep gradients is confined to the 
‘friction of smooth drivers on smooth 
rails. 

At a very early date in the history of 
railroads, the discovery of coal in the 
Lackawanna Valley directed the attention 
of engineers to the problem of its trans- 
| portation, across the mountains, to a sea- 
board market. The result of their in- 
| vestigations was the construction of the 
‘noted gravity system of the Delaware & 
|Hudson Canal Co. This system involves 
two independent sets of inclined planes, 
each set being arranged in the order of a 
‘short, but steep plane, followed by a 
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long one, the inclination of which is 
reversed and is only sufficient to over- 
come the friction of the cars. At the 
summit of these planes are situated sta- 
tionary engines, provided with suitable 
drums and endless wire ropes. Arriving 
at the foot of a steep incline, the trains 
are attached to the rope and elevated to 
the summit by the action of the engines, 
being then in position to descend the 
long inclines in virtue of their potential 
energy. 

The second set, which is in some 
places several miles distant from the 
first, has its planes reversed and is in- 
tended for the return of the empty cars. 

This is, doubtless, the cheapest method 
of transportation, through mountainous 
districts, provided there is traffic enough 
over the line to keep the stationary en- 


gines in constant use; for what would | from its winding drum. 





were to be thrown in at such places as 
the character of the country might war- 
rant. A plane of one in six is the maxi- 
mum inclination over which a locomotive 
can proceed, without a load, and in all 
kinds of weather. Since, then, none of 
the planes were to exceed this limit, the 
locomotives could always climb them, 
and it only remained to provide suitable 
means of elevating the trains. To ac- 
complish this, each locomotive was to be 
provided with winding gear and steel 
wire rope, driven by auxiliary engines. 
In addition to this they were to carry 
powerful gripping struts which, by their 
action on the rails, might be capable of 
holding the entire train. Arriving at 
the foot of a plane the engine was to be 
uncoupled and proceed up the hill, at 
the same time playing out the wire rope 
At the summit 


represent the friction of a train for a}it was to be anchored by means of the 


long distance on a supporting grade is) 


concentrated in overcoming the gravity 
of a short plane. 


gripping struts, thus virtually changing 
the entire machine into a stationary 
winding engine, by the action of which 


Yet, notwithstanding the utility of | the train might be elevated. 


this method, in special, and the entire 


This method was practically tested in 


railroad system, in general, there is still} England, and met with some success, 
a want felt which calls for, and has, in though its introduction was very limited, 


some measure, received the attention of 
engineers of to-day. I speak of lateral 
roads through mountainous districts in- 
tended as feeders of main trunk lines, 
over which the traffic is not sufficient to 
warrant the expense attending the con- 
struction of long lines, with light grades, 
or the operation of gravity roads with 
stationary engines and rope haulage. 

Since it is the purpose of this paper to 
propose and discuss a system of planes 
for lateral roads, perhaps it will be well 
to mention some of the kindred devices 
already in operation, in order to bring 
them into comparison with the proposed 
plan. 


In June, 1876, an article appeared in 


this MaGazine by Mr. Henry Ilandy- | 


side, stating the problem of inclined 
roads, and proposing to solve it in the 
following manner: 

The greater portion of the line was to 
be constructed with such a grade that 
the ordinary locomotive might be able 
to draw over it trains sufficiently large 
to accommodate the traffic of the region 
through which it passed. But, in order 


to overcome the required elevation, oc- 
casional planes, not exceeding one in six, 








jand, I believe, it has since been aband- 


oned. 
Another method which has received 
some attention, but which has not, as yet, 


|been practically tested, is briefly as fol- 


lows: 

The grade of the road is arranged 
like that of Mr. Handyside; that is to 
say, there are no inclines so steep but 
that a locomotive, detached from its 
train, can climb them. The method of 
operation is also similar to that above 
described, the only essential difference 
being in the manner of changing the 
locomotive into a winding engine. In 
this case, upon arriving at the summit of 
a plane the locomotive is anchored over 
a pair of friction drums on which the 
drivers act, causing them to rotate and 
put in motion a set of winding gear, by 
the action of which the train is elevated. 

The main advantage which this sys- 
tem offers over that of Mr. Handyside 
is, perhaps, the difference in expense 
between the equipment of the planes 
with suitable drums and gear in the one 
case, and providing each locomotive 
with the necessary appliances, in the 
other case. This would, of course, vary 
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under different circumstances, and per- | be transported from a higher to a lower 

haps there can be no general comparison | level. 

between the two. If to the train at the summit of the 
The toothed-rail system used on the |incline a locomotive is attached whose 

Mt. Washington and the Rigi Railways, weight is W, and if, for the moment, 

is so familiar that mere mention of those friction is neglected, it is evident that 

celebrated roads will stand in lieu of a the entire train will be capable of elevat- 








full description. The name “third grip 
rail” used on the Mt. Cenis Railroad, 
explains itself. 

Many other ingenious methods of 
overcoming elevation have been pro- 
posed, but explanations of them, al- 
though perhaps interesting, would not 
be compatible with the limits of this 


paper. Let us, therefore, proceed to 
explain the device proposed in_ this 
paper. 


In order to make plain the problem 
under consideration, it may be repeated 
in a more specific form. Let us suppose 
that a trunk line wishes to extend a 
branch into some mining district where 
the elevation to be overcome is great, 
but the character of the country such 
that most of it may be mastered in one or 
two short inclines, if safe and economical 
means of climbing them can be devised. 

In overcoming ordinary grades, and in 
all attempts to climb steep gradients, 
the real process is a change of kinetic 
energy, or energy of motion into poten- 
tial energy, or energy of position. 
all locomotive systems now in operation, 
no attempt is made to utilize this poten- 
tial energy after it has been attained. 
On the contrary, outside of the mere 
descent, it is a troublesome element 
which has to be overcome by brakes. 
If it can be put to practical use its 
superiority over kinetic energy, which 
must be generated for the occasion, 
is manifest. 

Let us suppose that we have a train 
of loaded cars, whose weight is P, at the 
summit of a steep incline, and let it be 
connected with a counter weight, enough 
lighter than itself to provide for friction. 
The train 
weight ascends, and is then in position 
to eert its potential energy in elevating 
another train, provided it is lighter than 
the first. When the traffic down the 
plane is greater than in the opposite 
direction, the system may be operated 
without the aid of an outside motor. It 


In) 


descends and the counter | 


ing a counter weight weighing P+ W + 
|W’, W’ being an additional weight, due 
to the traction of the locomotive, and 
‘depending upon the inclination of the 
‘plane. The counter weight will, in turn, 
be capable of elevating a dead weight 
/P+W+W’ ora train weighing P+ W + 
2W’ provided it is also drawn by a loco- 
motive. By properly choosing the in- 
clination of plane and weight of counter 
weight, the system will be under the 
‘full control of the locomotive, and en- 
tirely independent of the preponderence 
of the traffic down the plane. But be- 
fore discussing this case let us determine 
the value of W’. 

The adhesive power of a locomotive is 
evidently the limit of its tractive power, 
and may be substituted for it in deter- 
mining the maximum load. It varies 
greatly according to the condition of the 
track, but may be safely taken at one- 
fifth the insistent weight on drivers mul- 
tiplied by the cos. angle of inclination. 
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Let us now investigate the load which 
a locomotive will draw on a level, and 
then extend the investigation to inclines 
suitable for systems intended to over- 
/come great elevation. 


Let W’’=total weight of train. 


| “ T =traction of locomotive, on 

level. 

|  “ @ =angle of inclination. 

| “ f =coefficient of friction, of 
train. 

| © JT s=traction of locomotive on 

| plane. 








is, indeed, a method very often used in| 
mining operations where ore or coal is to| Projecting all the forces upon the axis 
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XX’, the general equation of motion 
will be 
(1) 2X=6(W"'sina+ W”’fcosa) 


—Tcosa=o | 





@ being a variable whose value deter- | 
mines the direction of the motion. That, 
is to say, 


| 
| 


When 9=1 there is equilibrium. 
“ @>1 there is motion up the 
plane. 
“« 6@<1 there is motion down the 
plane. 


If G=weight of locomotive and ten” 
der, p= percentage which rests on 
drivers, and we take friction at 8 lbs. 
per gross ton, T’-=T cos a2 and eq. (1) 
becomes 


: ad 8 ‘ | 
W”sina+W oa cos=1pG cosa | 
sw” pG 
” € 
or W tan a+ 50407 > a m (2) 


When a=o and p=.6 (which will be 
the case if the locomotive has four driv- 
ing wheels) tan a=o. Then (from eq. 2) 


W"’=33.6 G. 


That is, under the assumed data, the 
locomotive will pull 33.6 + its own 
weight on a level. This is a superior | 
limit since 4>1. 

The load which the locomotive will 
pull on any grade may be found by sub- 
stituting the proper value for tana in| 
(eq. 2), and to find the maximum grade 
over which the locomotive will travel 
when detached from its train, it is only 
necessary to substitute W'’=G in the 
same equation 

” G  .6G 
G tan a+ — =— 
280 5 
whence, tan a=.11642 which corresponds 
to a grade of 1 in 8.5. 

If the locomotive is so constructed 
that the entire weight is thrown upon 
the drivers, 2=1 and the grade may be 
increased to 1 in 5. 

Assuming the inclination to be one in 
nine, and supposing the locomotive to be 
at the summit, it will (according to what 
precedes) elevate a counter weight, the 
weight of which may be determined 
from the formula 


Y=G+W’—2F-F’. . . @)| 








In which 
Y =weight of counter weight. 


G= * “ locomotive and tender. 

F =friction “ ~~ ” 

P= “ “« sheave journals, ropes, 
ete. 


W’=total load which locomotive 
will draw upon the incline. 
W’ may be determined from eq. (2) by 
making tan a=} 


Ww” 6 
1 y Ad Pe A ee 
wit 280 5 G 
or W"'=1.05 G. 


Since we have assumed 8 lbs. per gross 
ton to be the amount absorbed by fric- 
tion of train, 
F= °° op= 0076. 
2240 

In determining the last member (F’) it 
is only necessary to obtain the initial 
friction, or that which must be overcome 
in order to set the system in motion. 
Since the pressure on journals is 2 sina 
=.14 Y, and the coefticient of axle fric- 
tion for wrought iron on brass is .075, 
the initial friction will be .14 Y x .075= 
.105 Y. Now suppose diameter of 
sheave=10 diameter journals, then the 
force at circumference of sheaye neces- 
sary to overcome friction of journals 
=.1 X.105 Y=.0105 Y. 

Substituting these values of F, F’, and 
W” in eq. (3) 

Y=G+1.05 G—.007 G—.0105 Y 

or Y=2.02G, 


This calculation does not take into 
consideration either the weight or rigidi- 
ty of the rope, but is sufficiently accu- 
rate to show that the system will be un- 
der full control of the locomotive, provi- 
ded the inclination does not exceed one 
in nine, and the counterweight is no 
heavier than 2 G, for it can always pro- 
ceed up the plane and manage the coun- 
terweight unassisted. Bearing this in 
mind, the reasons for the following plan 
for a lateral road will be manifest: 

Let the mean portion of the line be 
built on an ordinary supporting grade, 
but at such places as the character of 
the country may warrant, let occasional 
planes, not exceeding one in nine, be 
thrown in, and let each of these be provi- 
ded with suitable counterweights, weigh- 
ing no more than 2 G. Then all trains 
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weighing less than 3 G may proceed over 
the planes without delay, but should 
they exceed this limit it will be necessary 
to divide them, and make two trips over 
the plane. If, however, the traffic can 
be arranged so that the counterweight 
will always be in position for the next 
train, that is, if the trains alternate in 
direction, it may be made much heavier 
and the angle of inclination may also be 
increased. 

To illustrate this let us take an ex- 
treme case. For instance, take a=45° 
then tan a=1, and from eq (2) we obtain 
the value of W’’=.12 G, which may be 
interpreted thus: On a plane whose in- 
clination is 45°, a counterweight weigh- 
ing .88 G will be required to elevate a 
locomotive weighing G, provided the full 
traction of the engine is utilized. As 
soon as the inclination has passed the 
limit one in nine, the system is no longer 
under control of the locomotive, and 
there is no further necessity of limiting 
the weight of counterweight. But (in the 
case a= 45°) the trains passing down the 
plane must weigh at least Y—.12 G, and 
those passing up the plane will be limited 
to Y+. 12 G. 

In most cases these conditions would 
be found inconvenient if not impossible, 
and the use of inclinations greater than 
the angle of adhesion would be expedi- 
ent only under very exceptional circum- 
stances. 

The construction and equipment of 
planes suitable for this system would be, 
in most cases, neither difficult nor expen- 
sive. Perhaps it will be well in this con- 
nection to give a few details. However, 
before doing so it will be necessary to 
assume data for a particular case. 

Since the value of 9 exerts so great an 
influence upon the maximum grade which 
may be given to the plane, it is very es- 
sential to use a locomotive, the weight 
of which is well concentrated upon the 
drivers. This effect is best produced in 
what is known as a “tank engine;” and 
in the following details it will be assumed 
that such an engine is used, 

Now, since the track is exposed to all 
kinds of weather, a poor, though not 
absolutely the worst condition, of the 
rails must be taken to compute the ineli- 
nation of the plane. For frost, the ad- 
hesive power is 4 G cos a, while for thor- 


oughly wet rails it is } G cos a and for| 


dry rails it rises as high as 4 G cos a, 
To obtain the maximum utility it would, 
of course, be inexpedient to assume a 
factor of adhesion providing for snow, 
for since the planes are short it would, 
doubtless, be more economical to clear 
the rails than submit the system to such 
unfavorable and extreme conditions. In 
the previous discussion the factor } was 
used, and the value of p was taken at .6, 
thus providing for frosty rails and a tank 
locomotive. Under these suppositions, 
the inclination was found to be about 
one innine, This is a somewhat smaller 
inclination than that assumed by Mr. 
Handyside and others, which is probably 
due to the fact that it was derived under 
the assumption that the rails are in poor 
condition. 

In order to illustrate the problem let 
it be proposed to overcome an elevation 
of 200 feet, and assume available ground 
for a straight incline which will be 1800 
feet long, since the inclination is one in 
nine. 

From what has proceeded it will appear 
that when the rails are covered with 
frost the weight of the counterweight is 
limited to 2 G, or in this case, 80 tens, 
If, however, the rails are thoroughly wet 
this weight may be increased to 120 tons, 
and for dry track, to 125 tons. To pro- 
vide for this difference and always ob- 
tain the maximum effect of the system, 
it is only necessary to divide the counter- 
weight into sections weighing respect- 
ively 80, 40 and 5 tons. In good weath- 
er the total weight may be elevated by 
the locomotive, but when the rails be- 
come slippery the sections must be un- 
coupled, and the 80-ton weight alone 
used. A good form of counterweight, 
and one which would combine economy 
in first cost, compactness, and durability, 
would be simply pig iron cylinders, 
roughly cast around axles and fitted 
with ordinary car wheels. These cylin- 
ders might be connected together in 
groups of two, by means of side beams 
carrying suitable boxes for the axle 
journals, and the groups, in turn, coupled 
into a train of the requisite weight. 

In cases where the proper excavations 
could be cheaply made, counterweight 
might be made less with a somewhat nar- 
rower tread than the cars, and run on a 
track in a covered trench, underneath the 
main track, thus reducing, in a great 
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measure, liability to accident, and secur- 
ing the counterweight against all ob- 
structions. 


COMPARISON, 


In the absence of accurate data it 
would be a difficult matter to make a 
close comparison between the cost of a 
road built on this plan, and one in which 
the same elevation is overcome by an or- 
dinary supporting grade; but the follow- 
ing is a rough approximation to the com- 


parative merits of one plane of the) 


gravity system, and a corresponding por- 
tion of the common road. 

As before, let it be required to over- 
come an elevation of 200 feet, and as- 
sume available ground for incline of one 
in nine, and also for the development of 


a supporting grade. The length of the) 


former will be 1800 feet, while that of 
the latter will depend upon the grade 
assumed. As a gravity system would be 
adopted only in mountainous districts, 


curvature would exert considerable re- | 


sistance, and should be taken into ac- 
count. This is easily done, in case of the 
plane, by assuming the weight of coun- 
terweight to be enough greater than that 
of the maximum train, to overcome all 
resistances. Five tons difference, which 
has been assumed in the following discus- 
sion, is not only sufficient to do this, but 
would also render some assistance to the 
locomotive. In the case of the support- 
ing grade, however, these resistances 


must be overcome by the locomotive and | 


must be considered. 

There is a custom of equating or com- 
pensating for curvature on supporting 
grades, by deducting from the rate of 
inclination an amount equal to from ;3, 
to ~3, of one per cent. of the distance 
for each degree of curvature. Thus, if 
we assume a nominal grade of 100 feet 
per mile (1.9 feet in 100 feet, or a 1.9 per 
cent. grade) it must be flattened 73, to 
zap (an average of .06) feet in every 100 
feet for each degree of curve, or .06 


X52.8=3.168 feet per mile, for each | 
degree in 100 feet. Now, let us assume | 


something like the ordinary characteristic 
of alignment in a mountainous country, 
say a total deflection of 180° in each 
mile of distance or 3.03° in each 100 feet. 


This will call for a reduction of 3.03 xX | 


3.168=9.6 feet per mile. 
The absolute grade is then 100—9.6= 





| 
90.4 feet per mile, and the distance re- 
quired to overcome 200 feet elevation is 
2,09=2.2 miles. This means that over- 
‘coming an elevation of 200 feet and a 
‘total curvature of 180° per mile is equiv- 
alent to overcoming 100 2.2=220 feet 
on a straight track. We may therefore 
consider our grade as 100 feet, and dis- 
tance as 2.2 miles, and pay no further 
attention to curvature. In this case the 
length of the supporting grade is 
2.2 X 5280 
1800 
equivalent gravity plane. 

This will enable us to roughly approx- 
imate to the relative cost of the two sys- 
tems, but in order to make a fair compari- 
'son of their merits, we must also take into 
consideration the amount of work which 
can be done on each in the same tinte. 
| To arrive at this result, let us first de- 
termine the time required to take the 
maximum train over the plane, and also 
the time in which the same locomotive, 
drawing the same load, can climb the 
grade. 

Let H = the absolute horse power 
which the locomotive is capable of im- 
parting on a level road. (If the cylinder 
power is large enough, H is dependent 
upon the adhesive power, which varies 
as the cosine of the angle of inclination. 
On an incline, therefore, the power = 
H cos a) 


=6.45 times as long as the 





Let a =inclination of plane. 

“ s =length of plane, in feet. 

“ ¢ =time required to pass over 
the distance s. 

“8lbs.=friction per gross ton, on 
level track. 

« W=load, including locomotive, 





in tons. 
* gee 
~~ +t 
A — 
Ww 


We may derive a general expression 
for ¢ from the following consideration: 
Resolving W in the direction AB and 


8 W cos a 
‘taking friction=—— N= ——_—— 
taking ricti s340 350 





. 
I 
; 
i 
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have for the force which the locomotiv® 
must overcome 
W cosa 

280 ° 

Now since work is pressure into dis” 
tance, the work absorbed in taking the 
load up the plane is, 

, W cosa 
8 (Ww sina+ =) 

foot tons, or if the ascent requires ¢ 
minutes. 


8 (W sin a+ 
t 


foot tons per minute. 
Since one horse power= 33000 foot 


W sin a+ 


W cos “) 
280 











d —:33000 . tt snute. it 
pounds == oot tons, per minute, i 
requires 

‘ W cos 
22409(W sin a+ “) 
280 


33000¢ | 
horse power to draw the load up the 
plane. But the actual horse power ex- 
pended by the locomotive is H cos a, 
Consequently 








- W cos 
22408 (w sina+ —) 
280 
— — =Hcose 
33000 
or 
2240s (Wsin a+ Worse) 
ac ( 280 | 
ws 33000 Hcosa - 
W 
2240 (we ) 
8 ana+ 280 
33000 H 
If H is constant we may substitute 
2240 
A = 
“33000 H 
whence 
Ww 


In this formula no account is taken of 
the pressure of the air; but, since the 
velocity on the grade must be greater 
than that on the plane, this omission will 
favor the supporting grade. If the same 
condition of track isassumed in both cases, 
it makes no difference whether it be wet or 
dry, for the power of the locomotive will 
be equally limited by slippery rails. Let 


|us then assume that the entire counter- 
weight (125 tons) is used, and that the 
|maximum train weighs 120 tons, exclu- 
sive of locomotive. The extra five tons 
of the counterweight, will easily over- 
come the friction of the system and keep 
the train pressing against the locomotive. 
Therefore, in the case of the plane, it is 
only necessary to find the time in which 
the locomotive, uncoupled from its load, 
will ascend the plane. This may be 
\found in terms of H, by substituting in 
eq (a), W=40 tons S=1800 ft. and tan 
a=}. 

Making these substitutions and reduce- 
‘ing we find t=8257 A. 
| In the case of the supporting grade, 
however, the locomotive must elevate, 
not only itself, but also the train (120 
tons), making a total load of 160 tons, 
Therefore, 





/W=160 tons—tan seine 
| 100 
and s=2.2 x 5280. 

From these values we obtain ¢,=41957 

A. 

Hence 

| f SISTA cee r ¢, =5.08 ¢ 
aa 

That is—the time required to ascend 
\the grade is 5.08 times as much as that 
|required to ascend the plane. Now let 
|us suppose that the descent of the plane 
| occupies just as much time as the ascent, 
‘and that 2.08¢ is consumed in delays at 
| the top and bottom, ‘The train can pro- 
iceed up the plane, the locomotive de- 
scend, elevating the counterweight, and 
re-ascend with another train, in the time 
that it would require for one train to 
pass over the grade. 
| Thus, at least twice as much weight 
‘can be transported over the gravity 
| plane, in the same time, as over the sup- 
| porting grade. 

Let us now assume an average cost of 
construction, exclusive of equipment, in 
/& mountainous country, say $30,000 per 
mile, and endeavor to arrive at the rela- 
tive expense of the two systems. At 
this rate the cost of the supporting grade 
|would be $66,000. If we assume that 
|the cost of grading and tracking the 
| gravity plane to be one and a-half times 
/as much as the same length of main line, 
| we will have 1,800 feet of inclined 
{plane to construct at a cost of $45,000 
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per mile. The following is a rough esti- | 
mate of the cost of a gravity plane. As 
it is made for comparison with the cost 
of an equivalent supporting grade, the 
items are assumed very high in order to 
be sure of covering the expense. 

1,800 feet of track @ $45,000 








DOP MMS... .sicescsccces $15,340 
Counterweight about....... .. 6,000 
Stee] wire rope........... ---. 2,000 
Extra work at top and bottom 

OR asses cewnicnee 1,500 
Sheaves, frames, etc.......... 1,000 

25,840 

For contingencies, etc......... 7,160 
$33,000 

Cost of supporting grade...... 66,000 


The result of the above comparison 
may be briefly stated thus: Under the 
assumed data, the gravity plane is capa- 
ble of doing twice the amount of work 
in the same time, while its original cost 
of construction is only one-half as much 
as an equivalent supporting grade. 





It will be noticed that very liberal al- 
lowances have been made for delays at 
the head and foot of the incline, and for 
the friction of the gravity system. The 
friction of train, sheaves, etc., has been 
allowed for in determining the inclina- 


'tion. And the extra five tons weight of 


counterweight over that of the maximum 
train is not only sufficient to overcome 
any resistance due to curvature, but 
would render some assistance to the loco- 
motive. 

In conclusion, it may be added that in 
the construction of such a system due 
reference should be paid to the arrange- 
ment of the grades so that the maximum 
train, on that portion of the line which 
is arranged as asupporting grade, should 
be able to pass over the planes. Or the 
arrangement might be made with refer- 
ence to the division of the trains at the 
foot of the planes, in which case it would 
be necessary to make two or more trips 
over the planes for each train. 


THE RIVERS OF CHINA. 


THE YANG-TSE, THE YELLOW RIVER, AND THE PEI-HO.* 


From * Nature.” 


Tuese three rivers form conjointly the 
great river system of China. Although 
at the present day each of them runs its 
separate course to the sea, there is good 
reason to believe that several centuries 
since they were united by a number of 
connecting branches, in a manner some- 
what resembling the junction of the 
Ganges and: the LBrahmapootra in our 
own time. Such is the inference to be 
drawn from an ancient Chinese map, 
copied by Alvarez Semedo, a Portu- 
guese Jesuit, and which must be assigned 
to a time preceding that of the con- 
struction of the Grand Canal by Ghenghis 
Khan in the beginning of the thirteenth 
century.t Linked together as these riv- 

? The author, Surgeon 1. B. Guppy, of H.M.S. “ Hor- 
net,” writing from Yokohama, February 11, says: “I 
forward to you by this mail a paper containing the re- 
sults of observations I have made during the last two 
years on the subject of the Yang-tse and the Pei-ho, 
together with similar information as regards the Yellow 
River. Looking on these three rivers as in reality one 
river system, I have embodied in one paper all the 
**data”’ concerning them; and have treated them both 
separately and in their conjointcharacter. I can answer 
for the accuracy of the various estimations, and have 
employed the usual methods in obtaining them.” 

t Vide a paper by Mr. S. Mossman on the “ Double | 
Delta of the Yellow River,’’ published in the Geograph- | 
teal Magazine for April, 1878. 


ers were in the past, a brief consideration 
of their present condition will prove 
that they are laboring towards the same 
end in our own day. but before pro- 
ceeding to examine them in their con- 
joint character, it will be necessary to 
consider briefly their leading hydrolog- 
ical features. 

I.—The Yang-tse—the largest and most 
important of these three rivers—has a 
course of about 3,000 miles, and drains 
an area which is variously estimated be- 
tween 750,000 and 550,000 square miles; 
for my own calculations I will adopt the 
mean of these two estimates, namely, 
630,000 square miles. Its waters, com- 
mencing to rise in February and March, 
reach their highest level in the month of 
June or July; and here they remain 
with occasional fluctuations till the end 
of August or the beginning of Septem- 
ber, finally reaching their lowest level 
towards the close of January. 

With regard to the discharge of water 
of this river, Capt. Blakiston* has esti- 





* “ Five months on the Yang-tse.”’ 





— 
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mated the average amount carried past the river was at its height; while in 
T-chang, which is situated at about 960 March, when the river was low, I found 
miles from the sea, at 500,000 cubic feet as little as three-fifths of a grain per 
per second ; he founded this estimate on| pint. The average proportion of sedi- 
observations made during the months of | ment during the twelve months in ques- 
April and June. When stationed at tion I estimate at four grainsin the pint 
Hankow in the winter 1877-78, a place | (a little over half a drachm per gallon). 
distant about 600 miles from the sea, I This represents a proportion of y7s5 by 
set to work to make a similar estimate of | “ weight,” or (taking the specific gravity 
the water carried past that city for the of the dried mud at 1.9) of zis, by 
twelve months included between May “bulk” of the average discharge of 
1877 and May 1878. Having taken a water. It is thus easy to obtain the 
line of soundings across the river and total amount of sediment carried during 
having ascertained the river’s breadth the twelve months past Hankow, namely, 
(1,450 yards by sextant measurement) at | 4,945,280,250 cubic feet : but to allow 
a point below the union of the Han with for the amount of mud a river pushes 
the main stream, I commenced a series along its bed, one-tenth must be added 
of observations on the rise and fall of according to the principle laid down by 
the river water and on the force of the! Messrs. Humphreys and Abbot in the 
current, which combined with informa-| case of the Mississippi. This will bring 
tion received from the Custom-house and | the total annual discharge of sediment 
from other sources, supplied me with at Hankow up to 5,439,808,275 cubic 
the necessary data for my calculation. | feet, or at the rate of 172 cubic feet per 
The results are contained in the follow-| second. Now, assuming that the drain- 
ing table: | age area below Hankow supplies the same 
Water-discharge. relative amount of sediment as the re- 





Apa 








” Surface vAverage r-di 
in Te ouncoag, |mainder of the catchment basin, I esti- 
May 31.. 2} .. 64 846,336 |mate the total amount carried down to 
June 30.. 24 61 896,293 the sea annually at 6,428,858,255 cubic 
July 31.. 58 1,022,656 | foot 
Aug. 31.. 3} 62 1,275,381 |"“y ; . 
Sept. 30.. 23 63 1018,248 | The removal of this amount of sedi- 
Oct. B1.. 2 53 22,997 |ment from an area of drainage of 650,000 
Nov. 30.. 1} 42 308,560 | square miles represents a lowering of the 
oe S.. 1 36 211,584 surface at the rate of one foot (of rock) 
Jan. 31.. ¢ 30 141,085 |in 3,707 years. This is therefore the 
—_ =. if = pon pre of ‘ ig esa — ”of the 
ch. 31.. 5 396 720 | valley of the Yang-tse as far as concerns 
Apl. 30.. 2 57 670,016 ‘the uatieg of sediment removed. Of 
12)7,822,502 | the proportion of solids in solution, I 
have had no opportunity of judging, but 
651,875 | that the soluble matter is in considerable 


We may therefore place the average 
water-discharge for the year at Hankow 
at 650,000 cubic feet per second. Now, 
estimating the area of drainage above | 
Hankow to be about 44 of the whole, 
area, and assuming that the portion of 


quantity is rendered probable from the 
extensive limestone districts traversed by 
this river. 

II.—The Yellow River or the Hoang-ho 
has derived the appellation of ‘China’s 
Sorrow” from its frequent destructive 





the Yang-tse valley below Hankow drains inundations. It runs a course of about 
off its waters at the same rate as the re-| 2,500 miles; but, unlike the Yang-tse, 
mainder of the river-basin, it follows | its lower course has frequently shifted in 
that the average water-discharge for the the course of ages, and although it opens 
whole river may be placed at 770,000 at the present day into the Gulf of Pe- 
cubic feet per second. ichili, only a quarter of a century has 
With reference to the amount of sedi-| passed since it emptied its waters into 
ment carried by the Yang-tse past the the Yellow sea.* The mountainous dis- 
same city, I found as much as seven trict of the province or Shantung has in 
grains in the pint (nearly one drachm in| truth been the chief means in deflecting 
the gallon) in the month of July, when! “+ Vide Mr. Mossman’s paper, already referred to. 
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| 

the waters of this great river on more |I found in the water of the Yang-tse was 
than one occasion during the historical | seven grains in the pint, and in the case 
era from the Gulf of Pe-chili to the Yel-| of the Pei-ho—as will subsequently be 
low Sea and vice-versa. | noticed—fifteen grains in the pint, Sir 

With reference to the quantity of George Staunton estimates the sediment 
water discharged by the Hoang-ho I|of the Yellow River at over eighty 
have had no opportunity of personal| grains in the same measure of water. 
observation. We have, however, an es-| Even the muddy waters of the Ganges 
timate not only of the water discharge,|do not contain more than twenty grains 
but also of the sediment, which Sir| of sediment in the pint of water. 
George Staunton supplies us in his ac-| It is therefore not with any surprise 
count of Lord Macartney’s embassy to| that I find the “ subaérial denudation ” 





China in 1792. It was calculated that at 
the place where the British embassy 
crossed the Yellow River—its junction 
with the Grand Canal—the water was 
carried past at the rate of 418,176,000 
cubic feet per hour, or 116,000 cubic feet 
per second. The method employed in 


ascertaining the quantity of sediment | 


was the measurement of the amount of 
mud deposited from a gallon and three- 
quarters of water when allowed to stand. 
From this experiment it was concluded 


that the sediment was in the proportion | 
of sh, of the original bulk of the water, | 


and the annual discharge of sediment was 
assessed at 17,520,000,000 cubic feet. 


However carefully these observations | 
may have been made, and however near | 


they may approach the actual discharge 


of water and of sediment at the time in| 
question, it seems to me that one is hardly | 


justified in accepting the result of a single 
observation as typical of the average 
state of things throughout the year; 
and yet Sir George Staunton’s estimate 
has never, as far as I am aware of, 
been questioned. 


little dependence that can be placed on a 
solitary estimation ; it will be there seen 
that the Yang-tse discharged nine times 
as much water when at its highest level 
in August as it did during the month of 
January, when its waters occupied their 
lowest level.* Or if the question of sedi- 
ment is considered, to which the same 
objection would apply, I have the great- 
est diffidence in accepting Sir Geérge 
Staunton’s estimate as being of any 
value, except as a trustworthy result o 
a single experiment; and yet, even con- 
sidered as the maximum of the whole 


A single glance at the | 
foregoing table will convince one of the | 


‘of the Hoang-ho is estimated * at less 
than half that of the Yang-tse, namely, 
|one foot in 1,464 years. This estimate 
only refers to the amount of sediment re- 
/moved, and yet [ cannot but consider it 
‘as very liable to correction by some 
future observer. As this is the only cal- 
culation that has ever been made, as far 
as I am aware, with reference to the 
quantities of sediment aad of water dis- 
charged by the Yellow River, I am per- 
force obliged to accept it as pro tanto. 
IIl.—The Pei-ho drains the great plain 
which constitutes the province of Pe- 
chili. Its length is said to be about 300 
‘miles, but the lower part of its course 
below the city of Tientsin is so tortuous 
that a distance of thirty miles overland 
is converted into fifty by theriver. It is 
at Tientsin that the Pei-ho proper and 
the Yu-ho unite together to form the main 
stream; the latter is generally known by 
Europeans as the Grand Canal, but as a 
matter of fact the canal joins the Yu- 
ho about 150 miles to the southward. 
During the three winter months—De- 
cember, January, and February—the Pei- 
ho is usually frozen over, the ice having 
'a thickness of about eighteen inches ; in 
the same season there is generaliy a large 
quantity of ice in the Gulf of Pe-chili, 
which may completely fill up the head of 
the gulf. 
With reference to the water discharge 
‘of this river, I was enabled while winter- 
‘ing at Tientsin during the season 1878- 
79, to collect some “ data” for its estima- 
‘tion during the four months from Decem- 
ber to March. Although my estimate 
strictly applies to but a third of the year, 
still from the limited rise and fall of the 
| water during the different seasons (it 








year, the result is rather a startling one. | never exceeds six feet) I feel pretty con- 
While the greatest amount of sediment | fident that it fairly represents the aver- 
|age rate of discharge during the whole 


* Vide Nature, vol. 18, p. 288. 








* In the case of the Ganges at Ghazepoor the propor- | 
tion is as 1 to 14. 


Vou. XXIV.—No. 1—5. 
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year. The breadth of the river at the January and February it did not equal a 
ose of observation below the city of| grain in the pint.) This represents a 

ientsin was 280 feet. The following! proportion of +);5 by “ weight,” or 
table contains the results of my calcula- | ,.1,, by “bulk” of the average discharge 
of a le and following the same method 


tions : 
a a 2 ™ se of calculation as was employed in the 
Knots per hour. Feet. per second. | case of the Yang-tse, I estimate the an- 
Peeenenet i ne 6,855 | nual discharge of sediment for this river 
January.. s . ea 4,389 | at 80,000,000 cubic feet. 
February. 13... a 9,684 | Now the removal of this bulk of ma- 
March... 2 . i -- 10,592 | terial from an area of drainage, which I 





4) 31,020 | estimate at 55,000 square miles, repre- 
' /seuts the lowering of the surface of one 
7,755 | foot in 25,218 years. This is the rate of 

We may thus place the average dis- | “subaerial denudation” of the Pei-ho 
charge of water for the whole year at| basin, omitting of course the question of 
about 7 ,700 cubie feet per second. | the solids in solution. 

Now with regard to the amount of| To show the rank that these three 
sediment carried past the city of Tient-| rivers hold in the fluvial system of the 
sin: I found the average quantity globe, I have subjoined a list of fourteen 
during the four months in question | other’ rivers which gives the quantities 
to be about five grains per pint. (It of water and sediment discharged by 
varied much at different times, for I| each, as well as the rate of subaerial de- 
found as much as fifteen grains in the|nudation, as far as I have been able to 
middle of March, while in the months of | ascertain, 





























Water discharged Sediment per | Subaétrial denuda- 
per second. annum. | tion. 
Cubic feet.* Cubic feet. 
MIR. 6 ice akoes 40s 2,458,026 — —_—- 
RANG cnaccciscccsaees 1,800,000 — — 
| @y Behm and Capt. 
pimp A ) 
pe 770,397 6,428,800,000 1 foot in 3,707 years. 
| (By myself.) (By myself.) (By myself.) 
BONN istns tseeds Jews 700,000 1,543,500,000 1 foot in 29,400 years. 
‘ (By Mr. Higgin and (By Mr. Higgin.) (Calculated from Mr. 
Mr. atceaee.) Higgin’s estimate.) 
Mississippi............ 618, 7,474,000,000 1 foot in 6,000 years. 
(By Messrs. aha (By Messrs. Humphreys (By Mr. Croll.) 
and Abbot. ) and Abbot.) 
NOs 60x bocivncwas 300,321 1,255,500,000 1 foot in 6,846 years. 
(By Mr. Ch. Ch. Hartley.) 
Shat-el-Arab.......... 295,461 
Ganges, at Ghazpoor. . 203,485 6, 368,000 000 1 foot in 2,358 years. 
(By the Rev. Mr. (By the Rev. Mr. 
Everest. ) Everest.) 
ON ines eceebesee ners 199,476 a 
IR is anoles os-eeee- 185,274 — -— 
DE aclatkinipiiee oma 40m 130,032 — —— 
Yellow River......... 116,000 . 17,520,000,000 1 foot in 1,464 years. 
(By Sir George (By Sir George 
Staunton. ) ‘Staunton. ) 
NE case epaasens @ | 91,935 594,000,000 1 foot in 1,528 years. 
re rare 69,741 
ree ye eee 61,263 405,420,000 1 foot in 729 years. 
| (By M. Lombardini.) 
Dinka ccenesavcus 7,755 80,000,000 1 foot in 25,218 years. 
(By myself.) (By myself.) 
Thames, at Kingston. .| 2,300 1,865,900 1 foot in 9,600 years. 
| By Prof.. Prestwich. ) (Huxley’ s 5 Physio- (Huxley’s ‘* Physio- 
graphy.” graphy.”’) 











* Where not otherwise gaa I have obtained my information of the discharge of water and sediment from 


the “‘ Earth,’’ by Elisee Reclu 
t This eatinnche also includes the solids held in solution. 











THE RIVERS OF CHINA. 


67 





We have now the necessary “ data” for 
considering these three rivers in their 
conjoint character. Together they drain 
an area of 1,105,000 square miles; they 
discharge a body of water equal to 
894,000 cubic feet every second; and 
they carry down every year to the sea 
24,028,800,000* cubic feet of sediment, 
which represents a rate of subaerial de- 
nudation equal to the removal of one 
foot of solid rock in 1,687 years. 

If we look upon the Yang-tse, the 
Yellow River, and the Pei-ho as labor- 
ing, with the assistance of the gradual ele- 
vation of the sea border, which is at 
present going on, to extend the territory 
of China seaward towards her ancient 
coast-line—represented by a line running 
from Kamtschatka through the Kurile 
Islands, Japan, the Loo-choo group, For- 
mosa, down to the Malay Archipelago; ¢ 
and carry ourselves forward into the 
future when such task is completed and 
the waves of the Pacific beat once more 
against this old sea border, we shall not 
have much difficulty in picturing to our- 


selves what will then be the state of, 


matters. In the place of the gulf of 
Pe-chili and the Yellow Sea there will 
be vast alluvial plains traversed by the 
waters of the Yang-tse, the Yellow 
River, and the Pei-ho; but before 
the ancient coast line is reached they 
will have joined to form one great river 
and one united delta. If the Yellow 
River confines itself mostly in future 
ages to its course into the gulf of Pe-chili, 
that gulf will be filled up in process of 
time; and the Hoang-ho winding along 
through the bed of this obliterated sea 
will, after being joined by the Pei-ho, 
turn its course southward, deflected by 
the Corean peninsula, until it meets at 
length its sister stream. On the other 


hand, should the Yellow River be mostly | 


occupied in future in advancing its 
southern delta it will join the Yang-tse 
at a period much less remote from the 
present; and their united waters will 
pursue an easterly direction subsequently 
to be joined by the Pei-ho, which will 
have been gradually finding its way 
through the gulf of Pe-chili and the Yel- 

*In “ Page’s Advanced Text-book of Geology,” 
Staunton’s estimate of the sediment discharged by the 


Yellow River has been erroneously applied to all “‘ the 
great Chinese rivers.” 


low Sea during the preceding ages. In 
either event the union of these three 
rivers would follow. 

Such being the case, it may be interest- 
ing to speculate on the time required by 
these rivers to fill up the seas into which 
they discharge their sediment. Sir 
George Staunton estimated that at the 
rate the Hoang-ho was discharging sedi- 
ment it would fill up the Yellow Sea and 
the gulfs of Pe-chili and Lian Tung in 
24,000 years; but M. Elisée Reclus is of 
opinion that this estimate ought to be 
doubled, as the Yellow Sea is much 
deeper than Sir George Staunton stated 
it to be (20 fathoms). On carefully ex- 
amining the latest charts of these seas I 
am inclined to consider that this estimate 
cannot be assailed on this point, as my 
own determination of the average depth 
is 22 fathoms. 

We will now attempt to gauge the 
the time that the three rivers in question 
would require to fill up, by the sediment 
they deposit the portion of the sea which 
is included by the gulfs of Pe-chili and 
Lian Tung, the Yellow Sea, and the 
Eastern Sea north of the 29th parallel 
and west of the 126th meridian. I have 
‘placed the total surface area at 200,000 
| English square miles, and the average 
|depth at 26 fathoms; and following Sir 
'George Staunton’s mode of estimation I 
‘find that it would take sixty-six days 
|to form an island a mile square reaching 
‘up to the surface of the sea. At this 
| rate it would require 36,000 years to form 
all the sea in question into dry land, sup- 

posing of course that there was no ele- 
/vation or depression of the sea-bottom 
during that period. But the recent for- 
mation of several islands and shoals in 
the Yang-tse estuary, the occurrence of 
raised beaches and marine remains at 
Hang-chau, Wusung, and Chefoo, with 
other similar evidences, demonstrate 
that there is an elevation of the coast 
going on at present; and, in that case, it 
_will require considerably less than 36,000 
/years to form the sea into terra firma. 
_ Perhaps Sir George Staunton’s original 
| estimate for the Yellow River may not be 
| far wrong when applied to the whole sea 
/in question. 





~f—_e 
In Western Australia the construction 


t Vide a paper on this subject, by Mr. A. S. Bickmore, | of a telegraph line to Roeburne is under 


read before the North China branch of the Asiatic 
ciety in November, 1867. 





“| consideration. 
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THE PRINCIPLES INVOLVED IN THE CONSTRUCTION 
OF THE TELESCOPE. 


By THOMAS NOLAN, B.S. 


Written for VAN NostrRAND’s ENGINEERING MAGAZINE. 


I 


The Telescope is certainly one of the | 
noblest monuments of human genius, | 
and its invention will always be con- 
sidered as among the most remarkable 
in the whole circle of human knowledge. 
It is a work, in which, by following un- 
consciously the plan of nature in the 
formation of the eye, we have come the 
nearest to the construction of a new 
organ of sense, and by means of which, 
we have extended our views and re- 
searches far beyond the limits of our 
own globe—that sphere which nature 
seemed to have designed for our in- 
quiries. Enabling us to penetrate into 
the immensity of space, and to become, 
as it were, familiar with other wor!ds 
placed at almost immeasurable distances 
from us, the telescope has revealed an 
infinitude of celestial bodies, whose ex- 
istence must forever have remained un- 
known to us, but for its invention. Its 
history, like that of every complicated 
instrument, has been a history of im- 
provements. The question of the origin 
of the invention, although abundantly | 
inquired into, has never met with a satis- | 
factory answer; and the question—who 
made the first telescope? will probably | 
never be conclusively settled. For the 
invention, in its original form, we are | 
indebted to accident, or to the trials of | 
men who had little knowledge of the 
principles of the science upon which 
they were conferring so great a favor. 
Not a single thing, but a combination of 
things, the telescope in its earliest forms 
was a simple combination of certain 
kinds of convex and concave lenses, | 
known and used as spectacles many 
years before; and whether the credit of 
the invention should be given to Metius, | 
Lipperhey, Jansen, Baptista Porta, Gali-| 
leo, or to Others whose names are un- | 
known, it is a most difficult and invidi-| 
ous task to decide. But interesting’ 
though these inquiries may be, it is not’ 








my purpose in this dissertation to enter 
into the discussion of the question as to 
who was the inventor of the first “ optick- 
tube,” or to describe minutely and his- 
torically all the several successive 
changes and improvements which it has 
undergone in the hands of different 
philosophers ; but rather, to examine the 
theory of those forms of refracting and 
reflecting telescopes which have been of 
more general application. 


THE OPTICAL PRINCIPLES INVOLVED IN 
THE CONSTRUCTION OF THE TELESCOPE, 


A telescope, in general, consists of a 
tube containing a system of glass lenses, 
or a speculum in combination with such 
lenses; and is used to render distant ob- 
jects more clearly visible; (1) by enlarg- 
ing their apparent angular dimensions, 
and (2) by introducing into the eye a 
superior quantity of their light. 

Those constructed with glass lenses 
only, are called dioptric or refracting, 
and the others catoptric or reflecting tel- 
escopes. In the refracting telescope, 
rays of light coming from the object are 
made to converge by a convex lens, and, 
if not intercepted, form an image at its 
focus. In the reflecting telescope, the 
image is formed by the reflection of the 
rays which impinge upon upon the con- 
cave surface of a speculum. 

We will first consider, 


I. THE SIMPLE REFRACTING TELESCOPE. 


In exhibiting the principles on which 
the refracting telescope is constructed, 
we must first explain the formation of 
the image of an object at the focus of a 
lens. 

When a convex lens is placed before 
an object, an image of the latter is 
formed at a certain distance behind or 
before the refracting surface, whose mag- 
nitude is greater or less, according as it 
is formed farther from, or nearer to the 
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surface. The one particular distance at | 
which the image is distinct, is called the 
focus. At every other distance it is 
hazy and confused. By the use of the! 
telescope the image is produced on the 
retina of the eye itself, and its oflice is 
to prepare the rays of light for forming 
on the retina an image larger and clearer 
than would be formed without its help. 

In (Fig. 1) two rays proceeding from 


the top and bottom of the object AB 
are represented separately. The ray Aa, 
passing through the center of the lens 
O, is unaffected, because the surfaces 
through which it passes are parallel to 
each other, and from the property of the 
lens, all other rays from <A, on passing 
through it, are brought to a focus some- 
where on Aa, depending upon the curva- 
ture of the lens. In like manner, all 
rays from Bb are brought to a focus at 4, 
each point of AB having its correspond- 


came from some point F, called the vir- 


‘tual focus. 


The first condition which a telescope 
must fulfill is, that it shall so dispose all 
rays emanating from any point in an ob- 
ject, that they may emerge from the instru- 
ment parallel to each other, in the usual 
or medium situation of the mechan- 
ism. 

The second condition is, that the me- 

















chanism itself shall be adjustalle, so as, 
by a movement of the parts inter se, to 
convert this parallelism into a slight 
divergence or convergence, to suit the 
eyes of near or long-sighted persons. *J 

The third condition is, that the pencils 
of parallel rays coming iuto the eye 
from different points of the object, shall 
be inclined to each other at greater an- 
gles than those actually subtended at the 
eye, by the respective intervals between 
the points themselves. The number ex- 
Fig.l. 





A 
| 
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c 











ing focus in ab. The latter is smaller 
than AB in proportion as cO is less than 
CO; and if we increase the focal length 
of O till a is twice the distance away, 
it becomes double its present size. The 
place of an image depends upon the dis- 
tance of an object, and when the latter 
is considered at an infinite distance, as is 
the case with the heavenly bodies, the 
image is formed at the principal focus of | 
the lens, or the focus of parallel ray. 

If rays ABC &e., pass through a con- 
cave lens, as in (Fig. 2), they are not. 
brought to a focus, but diverge as if they 











6 

pressing this ratio is the measure of the 
magnifying power of the telescope, and 
the apparent linear dimensions of an ob- 
ject being in proportion to its magnify- 
ing power, the apparent enlargement of 
its superficial area is as the square of the 
magnifying power. 

The simplest construction of the re- 
fracting telescope is that in which the 
image formed in the focus of a convex 
lens, or object-glass, is viewed through a 
second lens, or eye-glass, so placed as to 
have the image in its focus for parallel 
rays incident in the contrary direction, - 
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and its axis coincident with that of the} pupil is small, and since it involuntarily 
first lens. contracts in proportion to the quantity 
Three cases arise by applying this|of light impinging upon the eye, the 
ease gr which afford telescopes of dif-| field of view is so much the less as the 
erent characters: focus of PQ is greater. 
1. The Galilean telescope, with double; (3.) Since the nature of light will not 
concave eye-glass, showing objects erect.| admit of an eye-glass whose focus is 
2. The Astronomical telescope, first! diminished beyond a certain limit, and 
suggested by Kepler, with double con-| since the focus ought to be longer in 
vex eye-glass, showing objects inverted. | proportion to the length of the focus of 
3. The Terrestrial telescope, suggested | the object-glass, the field of view will be 
by Rheita, with three double convex eye-| less the greater the length of the instru- 

















glasses, showing objects erect. ‘ment, which inconvenience, together 
---C 
4 Fig.3. " ZA 
— ee ait 
sana ponents 
SS i ’ 7 : 
aE. 
Q 
1. THE GALILEAN TELESCOPE. with those above described, render this 


In this instrument, the eye-glass PQ instrument almost useless for purposes 
(Fig. 3) is placed between the object-glass | of astronomical observation. 
MN and its focus O', so that the axes of| (4.) The pencil of rays ¢, from B, 
both glasses are in the same line AO’,| under the axis, meets the eye in the 
and their foci in the same point O’. | direction cF, answering to a point also 

(1.) The object OB being supposed | below the axis; and in the same manner, 
infinitely distant, incident parallel rays,|a ray issuing from any point of the 
as_AD, A’D’, A’’D”, are first rendered | object, above the axis, has a similar 
converging towards O' by MN, and af-! direction on emerging from the eye- 
terwards parallel by PQ. They are also glass. Consequently, objects and their 
much denser than before their first refrac- | images have like positions with respect 
tion, and, when received by the eye, paint | to direction, when viewed through a 
animage of the object, so much the more | telescope of this construction. 


‘ , eS 


N 


P 











vivid, as the density of the pencil of rays! (5.) To determine the field: of view, 
is then greater than before it fell upon! we let MN (Fig. 4) be the diameter of 
MN. the object-glass, AB that of the pupil of 

(2.) The point B sends forth parallel the eye whose center is in the axis of the 
rays as CD and its two parallels, which telescope, and join M and B, the oppo- 
are refracted towards some point 2, and site extremities of these diameters, and 
then rendered parallel by PQ. Since; let MB meet the axis in x, and the 
this pencil, in emerging from PQ, diver-| image inp. We draw also LB and Lp, 
ges from that formed by the point O, a/ and suppose pL and gL to be produced 
greater number of the parts of the ob-| till they meet the object in P and Q. 
ject will be seen as the eye is placed| PM is refracted to the pupil in the direc- 
nearer to PQ, and as the pupil is more tion MB, but every other ray in the 
dilated. But since the dilation of the | pencil, as PL, and every ray which 
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comes from a point more distant from 
the axis, falls below the pupil. There- 
fore, PQ is half the linear magnitude of 
the greatest visible area. QP is meas- 


ured by the angle QLP, or by its equal 
gLp. 
gLp=ELB + BL, and 
BLp=LBM—LpM. 
qgLp=ELB+LBM—LpM. 
And 2QP is measured by 
2ELB+2LBM—2LpM. 


Fig. 5. 





diverging from o, and falling on PQ 
emerge parallel to each other, and are so 
much the more dense as the focal length 
of PQ is less than. that of MN. They 
therefore paint on the retina a new 
image of O, which is so much the more 
vivid, as the surface of MN is greater— 
that is, as it admits a greater quantity of 
light. 

(3.) Rays from B form in 4, an image 
of this point, and falling afterwards on 
PQ, emerge parallel and more inclined to 



































That is, the linear magnitude of the field | AF as the curvature of PQ is greater; so 
of view is measured by the angle which | that the axis of the pencil which they 
the diameter of the pupil subtends at | | form, cuts the common axis of the two 
the center of the object-glass, incre: ased | lenses in F, the focus of PQ. Conse- 
by the difference between the angles | quently, to see allof od at the same 
which the diameter of the object-glass| time, the eye must be placed at F, the 
subtends at the pupil and at the image. | common intersection of all rays emitted 
i from each point of 0), or of OB. 

Tegan 4.) 5, the image of B, is refracted to 
“This instrument, represented in (Fig. 5) the eye in the direction PF, and has a 
differs from the Galilean, in having a different direction from that in which it 
-convex instead of a concave eye- lens, is emitted from B; and the ray which 
which is so placed with regard to the!renders visible a point above the axis 


” 


ASTRONOMICAL” TELESCOPE, 


M Fig. 6. 

















object-glass that their foci coincide in 
the axis of the telescope between the 
two glasses, instead of being beyond the 
eye-glass as in the Galilean telescope. 
PQ is the eye-glass,; MN the object- 
glass, KD the axis, and o the common 
focus. 


(1.) ‘The rays AD, A’D’, A’ D” from |p. 


O in the object OB, infinitely distant, 
are refracted to the focus o where they 
form an image of O. 

(2.) This image 0 is considered as an 


reaches the eye as if it proceeded from 
below the axis; and thus the entire 
image is reversed. 

(5.) To find the field of view, we let 
MN (Fig. 6) be the diameter of the ob- 
ject-glass, AB that of the eye-glass, and 
draw NB, letting it cut the image pgr in 
We draw also pL, and conceive pL 
and EL to be produced until they meet 
the object in P and Q; and draw pE and 
| NP, and also BO parallel to pE. Then 


\the eye at O receives the ray NBO, 


object placed in the focus PQ, and rays! which comes from a point in the object at 





72 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





} 
the greatest visible distance from the|an infinitely distant object, the parallel 
axis of the telescope. For rays from|rays from QO, in the axis produced, from 
any point above P, ¢onverge to a point! an image in the focus 0, whence, falling 
below p, and fall below AB; consequent-| on, PQ they emerge parallel to each 
ly P is the exteme visible point in the other and to the axis. Falling upon KS, 





object, and QP is half the linear magni- 
tude of the visible area. 

(6.) To find the brightest area, we 
draw MB cutting pqr in s, and the axis 
LE in 2’, and draw Ls, and conceive it 
produced till it meet the object in 5. 
Then, (a) if #’E be greater than gE, all 
rays from § falling upon MN, are refract- 
ed to AB; for, SM is refracted in the 
direction MsBb, and any other ray of the 
pencil, as SL, crosses MB at s, and falls 











In like 
manner, rays from any point between S 
’ 


somewhere between A and B. 


and Q, are refracted to Ab. (0) Ifa 
and g coincide, the brightness of the 
field increases to the center. (c) If g 
fall between Land 2’, all the rays belong: 
ing to any one pencil incident upon MN, 
are not received by AB. 


3. THE TERRESTRIAL TELESCOPE. 


The nature of this construction is easi- 
ly comprehended by reference to (Fig. 7). 
The four lenses have one common axis 
A f. and each contiguous two are so sit- 
uated that their foci coincide. 





‘they are refracted to the focus 0’, where 
‘a second image is formed, and then di- 
verging, and falling on TV, they are re- 
‘fracted to the eye in directions parallel 
tothe axis. In like manner, rays from 
B form in 8 an image of that point, 
whence, falling in PQ they are rendered 
parallel to each other, but oblique to the 
axis till they meet RS, by which they re- 
fracted to the second focus 4’; whence, 
falling on TV, they are again rendered 


parallel to each other, but so inclined to 
the axis as to meet it again with all the 
other rays in the focus 7, where the eye 
is placed to receive the final impression, 
which is that of an image corresponding, 
as to its direction, with the object itself. 
For the ray b'V/, which carries the image 
of the point b, has a similar direction 
with respect to the axis, as the ray pro- 
ceeding immediately from Bb. 

As the properties of this instrument 
are analogous to those of the astronomi- 
cal telescope, it is unnecessary to enter 
into further discussion of the principles 





If OB be; of its construction. | 





FILTRATION 


THROUGH SPONGY IRON. 


From “ Engineering.” 


Ir is now some years since Mr. Gustav 
Bischof demonstrated the remarkable 
properties of spongy iron as a filtering 
material for the purification of water for 
drinking purposes, and spongy iron filt- 
ers are already in extensive use for do- 
mestic purposes. Notwithstanding this, 
however, and notwithstanding also the 
testimony to the powers of spongy iron 
which has been afforded in the sixth re- 
port of the Royal Commission on Rivers 


Pollution, in the reports of the Regis- 
trar General, in the Army Medical Re- 
port fer 1877, and elsewhere, the ma- 
terial has not yet been employed ona 
large scale for the filtration of water at 
any of our water works, a fact which is 
ito be regretted when the remarkable ef- 
fect of the material on Thames water is 
‘taken into consideration. 

Although, however, spongy iron has 
inot yet been introduced at water works 











in this country, it is, we understand, 
about to be employed by Messrs. Easton 





and Anderson for the filters at the Ant- 


werp Water Works, which they are now 
in course of construction. To determine 
the suitability of the spongy iron for ef- 
fectually dealing with the Nethe water 
which is to be used for the supply of 
Antwerp, Messrs. Easton and Anderson 
have recently carried out a series of ex- 
periments on a considerable scale, and 
these have yielded results of much inter- 
est. The arrangement employed con- 
sisted of two cast-iron tanks, each hav- 
ing a horizontal area of 342 square feet, 
while the one was about 11 ft. and the 
other 74 ft. in depth. In the larger tank 
there was placed on a suitably construct- 
ed brick bottom, a depth of 3 ft. of 
spongy iron and gravel mixed in the pro- 
portion of 1 to 38, while above this was 
placed a bed of Harwich sand 18 in. in 
thickness. From the bottom of this fil- 
tering tank, the water was drawn off to 
the second tank, this latter containing, 
as filtering material, a bed of gravel 
about a foot thick with 2 ft. of Harwich 
sand above. 

The object of the second filter is as 
follows: In passing through the spongy 
iron a small quantity of iron is dissolved 
in the form of protoxide, and if not re- 
moved it would, when converted into 
peroxide by the contact of the water with 
the air, be thrown down in the form of 
a brownish deposit. In the spongy iron 
filters for domestic use the further oxida- 
tion of the protoxide is effected by an 
admixture of manganese binoxide, the 
peroxide of iron being thus formed and 
retained in the filtering material. This 
use of the manganese binoxide would not 
be convenient on a large scale, and in the 
arrangement we are describing the water 
after passing through the spongy iron in 
the first tank is allowed to come in con- 
tact with the airin the second tank,when 
the peroxide of iron is thrown down and 
arrested by the filtering material which 
that tank contains, thus allowing the 

yater to be delivered perfectly clear. 

With the arrangement we have de- 
scribed, Messrs. Easton and Anderson 
found that they could efficiently filter 
the Nethe water at the rate of 150 gal- 


lons per square foot of filtering surface | 


per 24 hours, or 64 gallons per square 
foot per hour. At the Metropolitan 
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Water Works the rate of filtration with 
the ordinary filter beds varies from about 
14 gallons per square foot per hour in the 
case of the East London and the West 
Middlesex Works to as much as 4 gallons 
in the case of the Lambeth Works, but 
the average rate for all the works is de- 
cidedly under 2 gallons per square foot 
per hour, so that the results which 
Messrs. Easton and Anderson have ob- 
tained with spongy iron, and with a water 
greatly in need of filtration, point to the 
possibility of employing filter beds very 
materially smaller than those ordinarily 
necessary. 

So far as experience at present goes, 
the spongy iron in filters requires no re- 
newal, Its action appears to be to pro- 
duce an oxidation of the organic matters 
in the waters traversing it, the result be- 
ing a discharge from time to time of 
carbonic-dioxide. We have referred to 
the testimony of the Registrar General 
to the effect of spongy iron, and we can- 
not do better than quote from his report 
for 1877 the following paragraph re- 
specting it. Ile says: ‘The ‘Il hames 
was in high flood during nearly the 
whole of December, and its water was 
loaded with organic impurities of the 
most disgusting origin. It may be in- 
teresting to those who can afford the cost 
of domestic filters, to know that even this 
polluted water can be chemically puritied 
by filtration through spongy iron. Ihave 
inserted in the analytical table, for the 
purpose of comparison, the results yield- 
ed by the Grand Junction Company’s 
water, after passing through a spongy 
iron filter, which had been in use for 
more than a year. The filter removed 
nearly nine-tenths of the organic matter, 
and more than one-half of the hardness 
from the water.” The table here referred 
to is annexed, the quantities being given 
in parts per 100,000, 

The manufacture of spongy iron on a 
large scale is an interesting process, and 
we may hereafter have something to say 
concerning it. Meanwhile, however, we 
may state that Mr. Bischof has taken 
Dr. Siemens’ well-known experimental 
works at Toweaster, and is making 
spongy iron there in the Siemens revolv- 
ing furnace, which has proved admirably 
adapted for the purpose. Considering 
the results which have been gained with 
domestic filters, and the promising data 
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afforded by Messrs. Easton and Ander- 
son’s experiments at Antwerp, the appli- 
cation of the system of spongy iron fil- 
tration at the Antwerp Water Works will 





be watched with much interest, and we 
hope in due time to be able to place full 
information regarding the results before 
our readers. 





WEIGHT IN LOCOMOTIVE CONSTRUCTION. ° 


From “ The 


Tne “Links in the History of the} 
Locomotive,” which we publish from | 
time to time as we succeed in picking | 
them up, even if worked into a continu- 
ous chain, extending from 1822 to 1880, | 
would be complete only for a day or a 
month. At the end of some such period | 
a new type of engine would be built, and | 
a new link would have to be added to 
the chain. Put in another way it may be | 
stated that locomotive engine construc- 
tion is a thing of continual progress. 
It is difficult, indeed, to find any branch 
of mechanical engineering in which | 
changes in design, and form, and 
proportion, so rapidly succeed each 
other. There is nota railway in the king- 
dom which is now worked by engines of 
precisely the same pattern as those in 
favor ten or even five years ago, and it 
is to be assumed that novel types are 
adopted not simply for the sake of 
change, but because some advantages 
are sup posed to be gained. A glance. at 
the direction which progress in locomo- 
tive construction is taking may not be 
found uninteresting. 

The most prominent feature in the 
modern [ritish locomotive of the most 
improved type is its great weight. 
English and Scotch locomotive superin- 
tendents have gone on year by year. 
making their engines heavier and heavier, 


‘order. Mr. 


Engineer.” 

and we have no reason whatever to think 
‘that ftnality has been reached in this 
direction. Locomotives are not made 
heavier for the sake of securing adhesion 
alone, but in order to secure immunity 
from breaking down. In other words, 
they are made much stronger than they 
used to be. Thin boilers, and frame 
plates seven-eighths of an inch thick, 
have given place to 1} in. plates ; cyl- 


|inder castings are heavier, motion bars 


have increased dimensions, pins are made 
larger. In short, engines are made 
stronger all over than they were made a 
few years ago, and for the same reason 
they have risen from a maximum weight 


| of 30 tons or thereabouts to a maximum 


of 36 tons, or even more. We speak now 
of tender engines. In tank engines the 
change is still more marked ; up “to about 
fifteen years ago atank engine which 
weighed more than 30 tons was an ex- 
ception. At the present moment there 
are bogie tank engines working the Til- 
bury and Southend Railway which we 
understand weigh 56 tons in running 
Kirtley’s Crystal Palace 
tank engines weigh about 50 tons in 
working order, and various other exam- 
ples of heavy engines could be cited. 
We may be excused, perhaps, if we 
digress here for a moment, to say that 
it is by no means easy either to escertain 
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the weight of an engine in working 
order or the distribution of weight on 
the wheels. Locomotive superintendents 
do not always possess the means of | 
weighing their engines as a whole, and | 
they even less often can weigh them. 
wheel by wheel. For this reason rather | 
vague statements get into circulation, | 
some of which are not quite true, while 
others may be true. We recently heard 
it asserted, for example, that 8ft. driving 
wheels of the single outside cylinder 


engines of the Great Northern Railway | 


carry 19 tons or a little over now, or 


about four tons more than they did at 
first, as they were found to lack adhe- 


sion. The extra weight has been ob-, 


tained, of course, by a readjustment of 
the springs. Whatever uncertainty may 
exist as to precise weights, there can, 
however, be no doubt that, as we have 
said, weight has, on the whole, aug- 
mented and is augmenting. Not a few 
experienced locomotive superintendents 
hold that we are in this respect pro- 
gressing in the wrong direction, and that 
engines are now made heavier than they 
need be made, and that just as good re- 
sults could be obtained from lighter 
machines, The question ought to admit 
of being readily settled. The modern 
engine is in many cases called upon to do 
more work and harder work than its 
predecessors. This may be granted , 
but it is by no means clear that it must 
be made heavier to enable it to do this 
additional duty. The adoption of steel 
rails opened up new possibilities to the 
locomotive designer, and he has not been 
slow to avail himself of his chances ; but 
we may ask, what has really been gained 
in this way? Locomotive improvement 
means less first cost or less cost for 
repairs, or less cost for fuel or more haul- 
ing power. Is it certain that increased 
weight will entail any one of the advant- 
ages we have named? We think not. 
One man builds an engine with 17in. eyl- 
inders, 24in. stroke, and 1100ft. of heat- 
ing surface,which weighs 28 tons; another 
man builds an engine with the same 
stroke and cylinder and heating surface, 
and it weighs 34 tons. Does it follow 
that the last must be the best engine of 
the two? We doubt it. The difference 
between them will probably be very 
small. They will both be four-coupled, 


drivers, perhaps, but the hauling power 
of both will be practically the same, and 
in the long run it will, we venture to 
think, be found that the light engine will 
not require more repairs than the heavier 
engine. It may seem a hard thing to 
say—and we say it with some reluct- 
ance—that the modern designers of loco- 
motives do not manifest as much inge- 
nuity of skill in scheming as those who 
Lave gone before them. The locomotive 
superintendents of to-day have an enor- 
mous stock of accumulated knowledge 
to draw upon, which was not possessed 
by the men of the last generation, and 
they have, besides, tools and materials of 
the highest perfection, and there are 
comparatively few demands made on 
their inventive powers. The best fea- 
tures in the modern locomotive are its 
simplicity and its workmanship. The 


display of a little more originality would, 


one will have 6ft. and the other 6ft. 6in.! 


we have no doubt, materially improve 
the engine. The essence of success lies 
in putting weight into the right place, 
and in so disposing our materials that 
they may be loaded and worked to the 
best advantage. In this way a great 
deal of weight may be saved. Let us 
cite as an example of what we mean, the 
staying of fire-box crowns. The bridge 
stays fora fire box will weigh with studs, 
nuts, etc., 15 ewt. or 16 ewt. We have 
heard of cases in which they weighed 30 
ewt. The weight of vertical sling stays, 
doing the same work much better, would 
not exceed 5 cwt. or 6 ewt. 

It should by this time be well known 
that engines have to go into the shops 
for repairs to wearing surfaces more fre- 
quently than for any other cause. Axle 
brasses and axles are a fruitful source 
of trouble, and it is much to be regretted 
that all railway lines are not laid for a 
gauge of 5 ft. This would have given 
34 inches more space for bearings. Four 
bearings would have been improved, 
namely, the two crank pins and the two 
crank shaft journals. The two first 
could have each been made about 4} 
inches long instead of 34 inches, and the 
latter could have been about 8 inches, or 
even a little more, instead of 7 inches. 
To get increased surface in these bear- 
ings should be the great aim of the 
engineers’ life; if he can succeed he will 
keep his engines out of the sheds. Mr. 
Webb is apparently more fully impressed 
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with the importance of this truth than 
any other engineer in Great Britain, and 
it is for this reason that Joy’s valve gear 
promises to prove so valuable. There is 
much about Mr. Webb’s practice of 


which we cannot approve, and he is con- | 


tent with a want of finish and style in 
his work which is not paralled on any 
great railway in Great Britain; but we 
willingly concede that he does not waste 
metal, and that he knows as well as any 
man living just what to put in a locomo- 
tive, and no engineer better understands 
what are the causes which send locomo- 
tives into the shops, and how best to 
deal with those causes. There is we 
fear a tendency among too many design- 
ers of locomotive engines to produce 
something which shall be grand and im- 
posing, and this is accompanied by a 
certain degree of carlessness concerning 
the effect which an engine may produce 
on permanent way. Nor is there quite 
so much solicitude to keep down repair 
expenses as desirable. When everything 
has been made very big and very strong, 
and very heavy, the designer fancies he 
has done all that is needed; and if his 
engines make but 12,000 or 14,000 miles 
in the year he does not take himself to 
task; and yet had a little more care been 
taken to make the proper things big and 
nothing else, weight might have been 
kept down, first cost reduced, and the 
staying powers of the engine greatly in- 
creased. We hear every now and then 
of engines which have made their 90,000 
miles or so without going into the shops 
for repairs. We heard only a few days 
since of an engine which had made 
251,000 miles. If we examine them we 
shall find that the secret of their success 
lies in large bearing surfaces, efficient 
lubrication, and the disposition of metal 
in the proper place. We are writing 
now not for the experienced locomotive 
superintendent, who fully recognize the 


truth of what we are saying, and for) 


whom indeed we speak, but for younger 
and less experienced men, and these can- 
not too strongly impress on their minds 
the truth that weight as weight is asa 
rule objectionable in a locomotive; and 
that it cannot be made to compensate 
for want of care and skill in proportioning 
the various parts of the whole machine 
to the discharge of the special duties to 
be porformed by each. 


| The augmentation in the weight of the 
‘modern British locomotive with which 
we have been dealing is due in same 
measure to the extended adoption of the 
\bogie. It was originally invented in this 
country, and went thence to the United 
States. Here the earlier lines—like the 
_Manchester and Liverpool, the London 
and Birmingham, and the Great Western 
—were nearly level and very straight. 
‘On such roads the bogie was a super- 
fluity, augmenting weight and doing no 
good ; but in the United States matters 
were different. Their roads were bad, 
steep, and crooked ; rigid engines could 
not traverse them, and speeds were slow, 
so bogies carried the leading ends of the 
engines and balance beams the trailing 
‘ends. In process of time we began to 
'make crooked and hilly roads, and it was 
found advisable to adopt the bogie, which 
is rapidly growing in favor in this 
country. It is now in use on the Mid- 
land, the North British, the Lancashire 
and Yorkshire, the Great Northern, the 
North-Eastern, the London, Chatham, 
and Dover, the London and Brighton, 
and many other important railways in 
Great Britain. Equalizing beams are 
not so much in favor. It is not easy to 
say why. Mr. D. K. Clark’s dictum 
that they make an engine unsteady did 
much at one time to stop their adoption, 
and they have not since increased in fa- 
vor. They are, however, in use on several 
lines. The London, Chatham, and Dover 
and the Metropolitan Railways may be 
cited as examples. The bogie is no doubt 
of value in saving permanent way, 
because it consolidates it and brings it 
to its bearings before the heavily loaded 
wheels reach any given spot; but the 
bogie is by no means free from defects. 
It adds a good deal, as we have said, to 
the weight of a locomotive, and yet more 
to its first cost. It is a noteworthy cir- 
cumstance, that as our railways departed 
from the original perfection given to 
}them by such men as Brunel and Steph- 
enson, and we have adopted the bogie, 
|so in the United States, since track has 
|been improved there a tendency has 
| grown up to abandon the bogie and adopt 
,the English system. The change has 
‘begun with cars. Experiments have 
been made which show that the resistance 
of bogies with a very short wheel base is 
|much greater than that of bogies with 


ene 5 yarn rho 

















BRICKS AND THEIR HISTORICAL INTEREST. 





77 





the axles far apart ; and four-wheeled | 


goods wagons of the English type are 
now being tried on American lines, and 
we have very little doubt that locomo- 
tives without bogies will soon be built. | 
Some of the Pullman cars are carried by 
bogies with six wheels in each, and a 
wheel base of about 15ft., and it is obvi- 
ous that if these can get round the 
curves met with a locomotive properly 
designed and without any bogie can have 
no difficulty. It is also noteworthy that 
American engineers are following Eng- 
lish pracrice in another respect, and are 
building locomotives with one pair of 
driving wheels only—a thing hitherto 
unheard of in the United States. 

We have said that weight is objection- 
able in locomotives, and we feel that it is 
necessary before concluding to explain 
precisely what we mean, for so far as ad- 
hesion is concerned a locomotive cannot 
weigh too much, and the heavier it 1s the 
better. But the locomotive and the per- 
manent way ought always to be regarded 
as parts of a whole; just as much one 
with each other as the table of a plan- 
ing machine and the V grooves which 
carry it. Asregards the rails, the lighter 
an engine can be made the better. Now, 
if the locomotive superintendent did all 
in his power to keep down weight, he 
could not get rid of it so far as to re- 
duce the efficiency of a four-coupled en- 
gine. He might, it is true, diminish the 
hauling powers of a single engine; but as 
these have or ought to have in all cases 
large driving wheels, their power of pull- 
ing is never very great. Of the five or 
six tons unnecessary weight now and 
then put into an engine, only a portion 
reaches the driving wheels, and it will be | 


generally found that a four-coupled en- 
gine which weighs more than 30 tons is 
very severe on the road, unless it has a 
bogie; nominally 30 tons means 5 tonsa 
wheel, not too much for a steel rail; really 
it means 7 tons or even 8 tons per wheel 
on one pair of wheels, which is too much. 
In practice it will not be found, we re- 
peat, practicable to make a four-coupled 
engine too light, but it will be very easy 
to make it too heavy by putting metal 
where it is not wanted. Every engineis 
too heavy which possesses more weight 
than just enough to enable it to perform 
its work with efficiency. Drivers, we 
know, like heavy engines, because they 
do not slip in bad weather; but a few 
pounds of sand willas a rule do the work 
of some tons of iron, and much better, 
and locomotive superintendents should 
not permit themselves to be too much 
guided by the utterances of their men. 
The American engineers first taught us 
the real value of sand, and Mr. Adams, 
when on the North London Railway, 
showed us how to use it. A little con- 
sideration should be shown for permanent 
way. Working expenses have of late 
been increasing on all our railways, and 
it is worth considering whether some of 
this augmentation may not be due to the 
growing use of heavier and heavier en- 
gines. It may be that the demands of 
traffic are so importunate that they can- 
not be dispensed with, yet the running 
of 20 or 25 ton locomotives over 75 lb. 
steel rails presents a tempting picture. 
Such a road under such engines, once 
made, ought to last almost for ever; we 
cannot have 20 ton engines,but the nearer 
we can keep to that weight the better 
for the road and the shareholders. 


BRICKS AND THEIR HISTORICAL INTEREST. 


From ‘‘The Builder.” 


In the autiquity of the brick asa build-|strument in the hands of the builder’ 


ing material it is needless, nor is it indeed 
our intention, to insist. The great na- 


tional collections of Europe, the British 
Museum foremost in the number, show 
us bricks, sun dried and baked, from the 
ruins of Nineveh, and from the days of 
that city to the present moment bricks 
have never ceased to be an important in- 





'That throughout Asia Minor they were 


largely employed we have seen, only very 


recently, proved in these columns ; M, 


Rayet, in his work on Miletus, having 
shown that the far-famed palace of 
Creesus was built of no more costly ma- 
terials than honest bricks. What those 
bricks were, and their quality, are even 
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to this day appreciated by the natives, 
who for many centuries, have plundered 
the ruins to build or to patch up their 
own even more ruinous houses. The use 
of bricks among the Romans, who largely 
employed them as building materials, 
as we see in the familiar instance of the 
Temple of Concord, has been more than 
once the subject of the inquiry of indus- 
trious antiquaries, for the Romans were 
not content with producing the flat, tile- 
like brick which is so often to be met with 
in the lower portions of antique struc- 
tures scattered over the Empire, and that 
are known in England, but their bricks 
were indelibly stamped with the mark of 
their maker, the names of the reigning 
consuls, and sometimes the year. From 
this source, then, more than one patient 
archeologist has gathered a rich store of 
information. But few inquirers have 
ventured far on the apparently arid and 
difficult road, which has hence remained 
little explored. Some curious informa- 
tion has, however, been lately thrown on 
the question by the researches of a 
French antiquary, M. Descemet, who has 
published in a recent number of the 
Bibliothéque des écoles d’ Athénes et de 
Rome—an excellent publication, founded 
in 1877 and now at its seventeenth num- 
ber—an article on the “ Inscriptions do- 
liaires latines” or Roman brick-marks, 
more especially relative to the gens Do- 
mitia, in antique Rome the most renowned 
brick-makers. 

From an epigraphical point of view 
the brick marks of the Romans have 
aroused the attention of more than one 
archeologist, but the difficulties which 
have stood in the’ way of procuring the 
stamps, added to the enigmatical nature 
of the inscriptions themselves, have led 
the inquirers to fields where the results 
were more showy and more easily ob- 
tained. M. Descemet has long been 
known to the antiquarian world ; as far 
back as 1857 his “ Fouilles de St. Sabina” 


attracted no little attention, as also, in | 
1876, his study, “Sur quelques Regles | 


de Briques antiques,” published in the 
Bulletin de Correspondence Archeolo- 
gique. In possession of a valuable col- 
lection ef stamps of his own, together 
with copies from the brick stamps of the 
Vatican Museum, M. Descemet had at 
his disposition more than ordinary 
sources of reference, and the result of 


his study has been the work the title of 
which is above given. 

The Italian antiquaries of the seven- 
teenth and eighteenth centuries, Nardini, 
Ciampini, and their contemporaries, had 
not largely drawn on the store of histori- 
cal information afforded by the Latin 
brick inscriptions ; Fabretti was, indeed, 
the first to set into any order the more 
remarkable of these, but his efforts were 
merely tentable; his collection of inscrip- 
tions was unclassified and incomplete. It 
was reserved to the worthy Abate 
Gaetano Marini, the curator of the Vati- 
can Museum at the close of the last 
century, to put together in a methodical 
manner the stamped bricks of the choice 
collection under his control; thistask he 
admirably performed, preparing a learned 
catalogue which however remained at 
his death in an incomplete and manu- 
script form ; but, such as it is, this manu- 
script preserved in the Vatican Library, 
has proved a mine of information to all 
subsequent writers. Marini’s catalogue 
was arranged with admirable order and 
carefully classified, each brick of the col- 
lection being the subject of numerous 
commentaries. 

In spite of Marini’s method, M. Desce- 
met has adopted another system more 
suited to the requirements of the day, as 
rendered necessary by the considerable 
additions made to the list of brick in- 
scriptions since the recent excavations. 
‘In his introduction, M. Descemet has 
carefully shown the importance of 
the study of these brick  inserip- 
tions, by which the date of the erec- 
tion of a building may be approximately 
ascertained. But as the author hastens 
to add, the fact of bricks bearing dates, 
or stamps being found in certain spots, 
is not, of course, conclusive evidence to 

the archeologist. Thns, in 1844, at Aix, 
in Provence, a brick of the year 123 was 
found, stamped with the mark of a Roman 
workshop, but the presence of this brick 
can alone be accounted for by the effect 
of accident, as it was scarcely possible 
that a town near Marseilles, so long 
‘famous for its pottery, should receive its 
bricks from Rome. On the shores of the 
Adriatic, at Pola and Zara, and in other 
‘towns of Istria and Dalmatia, the exist- 
'ence of alarge number of bricks bearing 
the stamp of Rimini would tend to show 
| that the brick trade, which still exists on 
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both sides of the Adriatic, can be traced | 
back at least eighteen centuries. 

But apart from the geographical infor- 
mation these stamped bricks afford, the | 
inscriptions they bear throw not a little | 


light on an ill-known state of Roman 


society—the education of the slaves, who 
though we have classic evidence proving 
that they were placed under school- 
masters, would seem to have little pro- 


fited by this education, as the inscriptions | 


it was their duty to stamp could only 
have had their letters placed upside down 
or transposed (as they are often found) 
by persons unable to read, who copied 
as well as they could a model under their 
eyes. 

_ How these stamps and brick inserip- 
tions were made is a point of some 
uncertainty. Had the ancients moulds, 
or did they use movable types? This 
latter method would suppose a great 
invention of the fifteenth century to have 
been forestalled. M. Descemet, who de- 
votes some pages to the discussion of the 
question, concludes in favor of the mould, 
such as we see examples of in more than 
one national collection. The stamp was 
cut in relief, or incised, and then—like 
the butter-print of the present day— 
made use of. As for the character of 
the spelling to be met with, this would 
naturally arise from the want of educa- 
tion of the workman. 





Among the various other points con-. 


sidered by M. Descemet, the reason why 


the Roman bricks bear the date of their’ 
production is not the least curious ; but | 


when Pliny’s advice to the architect is 
remembered, only to make use of bricks 
when two years old—* eedificiis nonnisi 
bimos probant,’—an explanation may, 
perhaps, be found. A point has been 
omitted by M. Descemet—one to which 
attention is drawn in arecent able article 
in the Revue des Questions Historiques 
—in his neglecting to refer to the palms, 
pine cones, and animals so often found 
stamped on the Roman bricks. It is now 
known that with the potters whose name 


represented ‘or recalled any object or'| 


animal, this object he stamped on the 
pottery or brick of his make. Thus, 
where we meet, with the stamped image | 
of a wolf we may be sure that the work- 
man’s name was Lupus. 

As the title of the work shows, it is 
alone to the brick inscriptions relative to 
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‘the gens Domitia that attention has been 
paid. Why this gens has been chosen 
‘the author explains. It would appear 
that the gens Domitia possessed the 
largest and most important of the brick 
mauufactories of ancient Rome. Apart 
from this, the gens take no mean place in 
the history of Rome ; in the person of 
the virtuous Marcus Aurelius, it ascended 
the imperial throne. From the brick 
inscriptions gathered, the wealth of the 
emperor would appear to have been 
enormous, as we learn by the large num- 
ber of workshops his gens employed, in 
company with those of the gens Aria 
which he inherited through his marriage 
with Faustina. 

The interest of this quiet and appar- 
ently little-inviting study would be thus 
seen to be great. Its historical value is 
no less appreciable. We are compara- 
tively far from the days when the history 
of ancient times was merely gathered 
from former texts ; the aid afforded by 
numismatics and epigraphy is largely 
called into requisition by the more serious 
modern historians. This little work of 
M. Descemet shows us how, even from 
the humble sources of the brick inscrip- 
tions, important facts may be gathered. 
The careful and beautifully cut Roman 
stone inscriptions, so easy to read, are 
not sufficient; the research can be carried 
further, as we see for instance, in the stu- 
dy by M. Mumont on the ceramic inscrip- 
tions of Greece, and even more strikingly 
in the delightful study which M. Dressel 
published some time since on the shat- 
tered débris of Monte Testaccio. M. 
Descemet’s inquiry into the brick-marks 
of ancient Rome has already yielded some 
curious information ; it is to be hoped 
that his success will encourage him to 
further study in this yet far from ex- 
hausted field of archeological research. 


—__---—_—_.. 


Tue invention of binocular glasses has 
usually been attributed to Father de 
Rheita, who died at Ravenna in 1660, 
A printed placard has lately, however, 
been discovered in the Biblotheque by 
Signor Govi, which indicates that the 
credit of the invention is due to one D. 
|Chorez, who lived at the sign of the 
" Compass” on the island of Notre-Dame, 
|and who made the “lunettes” in 1625. 
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AN INSTRUMENT FOR GAUGING THE FLOW OF STREAMS. 


By M. DE 


PERRODIL, 


From the “Abstracts” of the Institution of Civil Engineers. 


Tuts instrument, which is called a 
hydro-dynamometer, measures the veloc- 
ity of a current by means of the torsion 
produced on a wire by the pressure of 
the water against a disc fastened to the 
end of the wire. 

A narrow frame, resembling in form 
the longitudinal section of a tube termi- 
nating ina bulb at the top, is immersed 
vertically in the water, and turns, near 
its upper extremity, on a vertical pivot 
at the end of the horizontal bar which 
encircles, at its other end, an upright 
pole driven into the bed of the stream. 
A little, short, hollow cylinder, fastened 
to the under side of the bar exactly be- 
low the pivot, receives the end of the 
vertical wire, which can be secured by a 
screw. The wire, which is situated in 
the axis of the frame, passes through the 
center of the horizontal graduated 
circle, fastened, above the water-level, 
across the widest part of the frame, and 
is secured to the bottom cross-stay of the 
frame. A needle, fastened to the wire 
just above the graduated circle, serves to 
measure the torsion of the wire. A dise, 
placed in the same plane as the frame, 
projects from the end of a horizontal 
arm fastened to the bottom of the frame. 

The instrument having been fixed with 
the dise at the desired depth, and on the 
up-stream side of the post, the disc as- 


sumesa position paralled to the current be- | 


tween the frame and the post, the needle 
and the frame are in the same plane, and 
the needle at the zero of the circle. On 
turning the needle by hand a torsion is 
produced on the wire, and the frame and 
disc may be thus made to assume a posi- 
tion perpendicular to the current. As 
the needle oscillates inconveniently, 
owing to variations in the velocity of 
the current, the wire is secured at the top 
by the screw as soon as the frame and 
disk are exactly perpendicular to the 
current, and the needle being fixed, the 
observer is free to note the oscillations 
of the graduated circle, and can read off 
the mean angle of torsion, which is inde- 
pendent of friction. 


| The velocity of the current is obtained 
‘by the equation v =e / a; where a is 
‘the angle of the torsion, and the value of 
le can be determined, either approxi- 

mately from the coefficient of torsion of 
the material, or actually by experiment. 
'The Author determined by experiment 
the value of e for the three different- 
sized discs he employed. The instru- 
ment was placed under one end of a small 
footbridge revolving round a central 
axis, and it moved in an annular trough, 
2 feet wide, containing water. By turn- 
ing the footbridge, any desired velocity 
could be imparted to the instrument, and 
the motion was so regulated as to keep 
the angle of torsion constant. The 
motion imparted to the water by the 
instrument passing through it was also 
observed, so that the actual velocity of 
| the instrument through the water might 
| be accurately ascertained. 

A brass wire, 64 feet long and 4 inch 
in diameter, was employed. A disc with 
a radius of 24 inches was used for veloci- 
ties not exceeding 1 foot 4 inches per 
second, with a radius of 1} inch for 
velocities between 14 and 34} feet per 
second, and with a radius of ~% inch for 
velocities between 34 and 10 feet per 
lsecond. The distances in these three 
cases between the center of the wire and 
the centre of the disc were respectively 
8 inches, 4 inches, and 2 inches. The 
| Author considers Woltmann’s hydrome- 
‘tric mill inferior to his instrument, as 
errors may occur in registering the num- 
ber of turns of the mill, and also in 
marking the time, and as it has to be 
‘drawn out of the water tobe read. Also 
the true equation for deducing the veloc- 
ity from the results of observations with 
| Woltmann’s mill has not been thoroughly 
-agreed upon, M. Chasles considering it to 

be an equation to a straight line, and 
Herr Baumgarten an equation to a para- 
‘bola; but experiments conducted by 
‘the Author, and recorded in the last 
article, confirm the correctness of M. 
sone ead view. A superiority is claimed 
for the instrument over Pitot’s tube, on 
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account of its indicating the mean velo- 
city with greater accuracy. Morever, 

the instrument actually employed can 
indicate a velocity of 2 inch per second ; 

whereas Woltmann’s mill ceases to re- 
volve in a current whose velocity is 
reduced to 4 inches per second, and a 
Pitot’s tube is even less suited to measure 
accurately low velocities.—Annales des 
Ponts et Chaussées. 


_ _-—>e- 


REPORTS OF ENGINEERING SOCIETIES. 


MERICAN Society oF Crvit ENGINEERS. 
The last issue of Transactions contains 

the following papers : 
No. 205. The location of the Chimbote Tun- 
nels, by O. F. Nichols, 
Practical Consequences of Variation 
of the Wet Section of Rivers under 
General and Special Conditions, by 
Robt. E. MeMather. 
Wind Pressure against Bridges, 
Ashbel Welch. 
Cheap Transportation versus Rapid 
Transit and Delivery, by Martin Cory- 
ell. 
The Crippling Strength of Wrought- 
Iron Columns, by C. L. Gates. 


NGINEERS’ CLUB OF PHILADELPHIA.— 
The latest number of Proceedings con- 

tains :— 
I. The Light-House System of the Dela- 
ware River, from the Head of the Bay 
to Philadelphia. By Epwarp Parrisn. 


«<« 


206. 


207. 


by 


208. 


209. 


II. Rock Drills. By Francis L. Miter. 

Ill. A Machine for the Solution of the Equa- 
tion of the Nrm Degree. By F. T. FREE- 
LAND. 

IV. The Mexico and Vera Cruz Railroad. By 
COLEMAN SELLERS, JR. 

V. Quantitative Determination of Combined 
Carbon in Cast Iron and Steel. By 
Davip TowNsEND. 

VI. The Future Sewerage Requirements of 


the City of Philadelphia. By RupoLrn 
HERING. 


—————_ +e —__——- 


IRON AND STEEL NOTES- 


_ Cast SteeL.—Two points must 
be taken into consideration chiefly in 
effecting the welding of steel: It is necessary 
to render the film of oxidized iron on the sur- 
faces to be united by welding as fluid as possi- 
sible, and some means must be found to restore 
to the steel the carbon eliminated during the 
process of heating to the welding temperature. 
According to the Revue Industrielle, M. Rust 
considers boric acid the most effectual in per- 
forming the former, and ferrocyanide of potas- 
sium in doing the latter. M. Rust considers | 


the functions of the ferrocyanide to bealso to. 
restore to the steel nitrogen, upon which he | 
looks as an important constituent of the metal. | 
In 1850 a workman of Mulhouse, Alsace, sold 
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the following receipt for a welding compound: 
64 parts of borax, 20 parts of sal-ammoniac, 10 
parts of ferrocyanide of potassium, and 5 parts 
of colophonium. M. Rust changed it as fol- 
lows : 61 parts of borax, 1714 parts of sal-am- 
moniac, 163 parts of ferrocyanide, and 5 parts 
of colophonium. He states that with the acid 
of this compound, welding may be accom- 
plished at a yellow red, or at a temperature be- 
tween the yellow red and white, and that no 
treatment is necessary after welding. The borax 
and sal-ammoniac are powdered, mixed and 
are slowly heated until they melt. Heating is 
continued until the strong odor of ammonia 
ceases almost entirely, a small quantity of 
water being added to make up for that lost by 
evaporation. The powdered ferrocyanide is 
then added, together with the colophonium, 
and the heating is continued until a_ slight 
smell of cyanogen is noticed. The mixture is 
allowed to cool by spreading it out in a thin 
layer. During the process givén, boric acid 
and chloride of sodium are formed, ammonia 
being expelled. The same product may, there- 
fore, be obtained by mixing 41.5 parts of boric 
acid, 35 parts dry chloride of sodium or salt, 
15.5 to 26.7 parts of ferrocyanide of potassium, 
7.6 parts of colophonium, and 3 to 5 parts of 
dry carbonate of soda. The only trouble with 
this mixture, which gives the same results, is 
that it decomposes easily unless it is kept in a 
dry place. 
——— ee --—— 
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ry ue Str. Gormarp Ratway.—The eighty- 

fourth monthly official report on the St. 
Gothard Tunnel works affords some interesting 
information as to the condition of this under- 
taking at the end of September last. From it 
we learn that as regards the main tunnel the 
enlargement to the full size of the arch had 
been carried out, through the whole distance, 
with the exception of a length of 131 ft. while 
the entire excavation had been completed for a 
length of 30,260 ft. The masonry of the lining 
of the arch was also completed for a length of 
42,830 ft., and that the eastern and western 
sides for lengths of 32,440 ft. and 30,931 ft. 
respectively. “Moreover, the portion of the tun- 
nel completely finished, with waterways, re- 
fuges, ete., reached 30, 304 ft., or about two- 
thirds of the whole length. The heading for 
the curved entrance tunnel at the Airolo end 
has also been made for a length of 233 ft., only 
46 ft. remaining to be piereed. During the 
month of September the number of men em- 
ployed on the main tunnel averaged 3051, while 
the total value of the works executed up to the 
end of the month reached 49,835,545 frances, or 
nearly two millions sterling. The average 
temperature of the air in the central part of 
the tunnel averaged during the month 84.2 
deg. Fahr., while the maximum temperature 
was 89 deg. The daily consumption of oil in 
‘the tunnel averaged 1274 Ibs., and of dynamite 
/518 tbs. As regards the railways which are 
| being made in connection with the main tunnel, 
there has been executed up to the end of Sep- 
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tember on the line between Immensee and 


Fluelen 62 per cent. of the earthworks and 59 | 


per cent. of the masonry structures ; on the 
length between Fluelen and Goschenen, 75 
and 67 per cent. ; between Airolo and Biasca, 
77 and 88 per cent. ; between Cadenazzo and 


Pirro, 67 and 73 per cent. ; and between Giubi- | 


asco and Lugano, 63 and 39 per cent. of the two 
classes of works respectively. Altogether in 
the five lengths of line named there had been 
finished an average of 72 per cent. of the earth- 
works and 67 percent. of the masonry. Of 
the 49 tunnels on the lines of approach te the 
main tunnel the direction headings have been 
driven from end to end in the case of 34, there 
being included in this latter number all the 
tunnels on the Immensec-Fluelen section, 
while in the Airolo-Biasca section the headings 
are pierced in eight tunnels out of thirteen. 
The value of the works executed on the ap- 
proach lines up to the end of September was, 
according to the prices paid to the contractors, 
29,537,300 francs, or about £1,181,490. During 
the month of September the average number 
of workmen employed on these approach lines 
was 13,420, of which number 6,040 were en- 
gaged in the tunnels. 


Gras OVER THE SAINT MARTIN CaxaL—In 
order to carry out the new drainage 
works of the Bercy district, it was necessary 
to connect the sewers, which used to discharge 
into the Seine, with the main sewer on the 
opposite side of the St. Martin canal. This 
was accomplished by constructing an arched 
siphon over the canal, which, besides possess- 
ing the interest of novelty, was not liable, like 
areversed siphon going under the canal, to 
collect deposit in its central portion. The rise 
of the siphon is 26 feet 3 inches, which renders 
the entire exhaustion of the air more difficult 
to maintain, as the pressure inside the siphon, be- 
ing only about one-fifth of an atmosphere, some 
of the gas contained in the water is set free. 
Tromps were adopted for removing the air and 
gas. Twotromps with an inlet orifice of 1 
inch diameter, and an outlet of 4 inches, 
sufficed to make a vacuum in six minutes 
which one tromp was then able to maintain. In 
order to reduce, as far as possible, the con- 
sumption of water in working the tromps, the 
flow through the supply pipe is controlled by 
a float. The float closes a valve whenever the 
vacuum is complete, and opens it again as soon 
asa further exhaustion is needed. By thus 
regulating the supply, or by using a third 
tromp with an inlet orifice of only § inch, and 
an outlet of 4 inches, the consumption of 
water was only from 10,600 to 12,300 cubic 
feet in twenty-four hours. The siphon has 
been surmounted by a chimney, raised to a 
height of 34} feet above the level of the sewers, 
at the top of which the tromps work. As the 
waters of the sewer cannot possibly be drawn 
up to this height, the tromps are by this means 
removed from all danger of obstruction. One 
important advantage of the method adopted is, 
that whereas lifting pumps might be unable to 
discharge the waters delivered after a great 
rainfall, the tromps are relieved from the ne- 


cessity of working as soon as the siphon dis- 





charges more than from about 40 to 50 cubic 


feet per second, for then the current has suffi- 
cient velocity to carry off along with it all the 
gases which it sets free.—Translated papers of 
the institution of Civil Engineers. 


‘ ANITARY CONDITION OF THE ST. GOTHARD 
k TUNNEL.—Such alarming accounts have 
been made public of the sufferings of the 
men employed in this work, that, at the in- 
stance of the Italian Government, the Swiss 
Federal Council appointed a committee of 
medical men to inquire into the matter. 
They have reported that there is no epidemic 
disease as was supposed, but that the unhealthy 
conditions under which the laboris carried on, 
induce chest complaints and other internal 
diseases, lower the general health, and above 
all produce anemia, or deficiency of red par- 
ticles in the blood. The temperature rises as 
they penetrate into the tunnel from 12 deg. 
Cent. to 31 deg. Cent. ; the air is loaded with 
aqueous vapor, carries a large proportion of 
carbonic acid, and is rendered additionally im- 
pure by miasma from stagnant water, smoke of 
lamps, and human exhalations ; there is little 
light, the ventilation is deficient, and the men 
are often working in water. In winter matters 
become still worse, as the frost prevents the 
effectual working of the air pumps. From the 
commencement of the work up to March of 
this year, the deaths among the employes have 
been 122, of which 47 were by accidents ; and 
in the first three months of 1880, 90 men were 
dismissed with anemia. The habit so general 
among Continental workmen of working all 
seven days of the week must be counted as 
one of the sanitary disadvantages; for those 
who took days of rest were found to resist best 
the unhealthy influences. The company pro- 
vides medical and hospital accommodation, 
and seems to do what is in its power for the 
health of its men, and the help of the fami- 
lies of those who succumb. 


A New Raitway Bripce AcROss THE 

Tres. For some time past the direct- 
ors of the North Eastern Railway have felt 
that the existing railway bridge which cc sses 
the river Tees at Stockton is not sufficicnt for 
the increasing traffic of the district. They 
have, therefore, recently decided to consiruct 
anew bridge, und the Tees Side Ircn and En- 
gine Works Co. ——- Middlesbrough— 
formerly Messrs. Hopkins, Gilkes & Co., who 
built the Tay Bridge—have been entrusted 
withthe work. The erection of this bridge 
will form only a part of several proposed al- 
terations, which will also include the diversion 
of the existing lines of rails, and the erection 
of a new iron station, which will be ap- 
proached from Maudale road and Stockton 
Bridge road. The site of the new bridge will 
be a little to the east of the present one, and 
the structure will be so erected that it will 
carry the diversion of the Thornton road over 


| the railway at a point where it intersects Dar- 


lington and Cleveland streets, thus giving im- 
proved facilities to the road traffic in these two 
important thoroughfares. The plars for the 
station have not yet been matured, but they will 
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embody all the facilities that the public can result obtained. 


reasonably require. The new bridge will imme- 
diately abut upon the existing one, and like it, 

will consist of three large water spans and one 
smaller land span on each side of the river; 
each of the large spans will be about 89 ft. 3 
in. long, while the smaller ones will measure 
28 ft. The level of the bridge will be 35 ft 6 
in. above low water mark, and 23 ft. 6 in. above 
high water spring tides. Thesuperstructure 
will consist of wrought iron plate web girders 
with wrought iron cross bars, and the rail-bear- 

ing girders are of the usual North Eastern 

type. The main girders measure 27 ft. 9 in. 

centers, 7 ft. 6 in. deep and 2 ft. 6 in. wide, 

while the cross girders—thirty of which are 

required forthe bridge—are 8 ft. centers, 1 ft. | 
9 in. deep and 1 ft. 6 in. wide. The girders | 
will be carried on four piers, each pier being 

composed of two cast-iron cylinders carrying 
a plate brick filling which is surmounted by a 

massive stone capstone. These cylinders will 

be sunk to a depth of 30 ft. below the bed of 

the river. Thelower portions of the cylinders 
will be 10 ft. 6 in. in diameter, but about half 
way up it is reduced to 8 ft., and finishes with 

aregular tapering to 7 ft. at the top, upon 
which is placed a simple moulded cap. The 
metal will vary from 1} in. at the bottom of 
the cylinder to if in. at the top. The whole 
structure is characterized by a neatness and 
simplicity of design which makes it —ey 
suited for the position in which it 1s placed, 

and the traffic it is designed to carry. The 
scantlings in all cases are, as in all North East- 
ern work, amply sufficient to carry the heavi- 
est loads that can possibly be brought upon the 
bridge. —Engineer. 


re following particulars, descriptive of the 
Craigentinny system of sewage disposal, 
were recently given inaletterby an Edinburgh 
firm of civilian engineers: 1. The acreage of 
irrigated ground at Craigentinny is 250. 2. 
The population draining into the stream is 
fully 100,000. 3. The average quantity of 
sewage applied peracre was till last year about 
11,000 gallons daily, but the Edinburgh water 
supply has been increased, and probably 15,000 
galloas would be more correct now. 4. The 
sewage is only applied to the land about once 
every three weeks in rotation, and it is also 
used during the greater portion of each winter 
as wellasinsummer. 5. The sewage is applied 
for several hours each time—depending on the 
nature of the soil—four to eight hours or so at 
atime. 6. The cost is infinitesimal compared 
with the production, two or three men doing 
the whole work of flooding the land. 7. The 
produce consists entirely of grass, which is 
sold in plots by public roup each spring to the | 
cowfeeders or dairymen, and is cut and carted 
away bythem. 8. Theaverage produce is 30 | 
to 40 tons per acre, and the price per acre va- | 
ties from about £25 to £45. 9. A great por- | 
tion of the now irrigated meadows formerly | 
consisted of stretches of land worth perhaps 
10s. per acre. 10. It is an error to assume, as 


r 


many seem to have done in England, that only 
sandy stretches are suitable for irrigation; as 
a rule, 


the better the soil the better the 


11. The notion of the irri- 
gated meadows creating any nuisance of con- 
sequence, or being a source of any specific dis- 
ease, has long been abandoned as untenable by 
our most distinguished medical men who have 
considered the subject, and by Dr. Littlejohn, 
medical officer of health for Edinburgh. Irri- 
gation, like everything else, is a subject that 
requires careful consideration in each case, 
combined with some practical knowledge and 
experience, and it is probably the want of such 
caution that has caused so many disappoint- 
ments and failures in dealing with the ques- 
tion. — Engineer. 
——_— - eae 


RAILWAY NOTES. 


\ RITING on railway accidents in Germany, 
the Berlin correspondent of the Daily 
News draws attention to the condition of the 
German railways under State management. He 
says: ‘‘Another serious railway accident has oc- 
curredon the Belgian-German Frontier, near 
Herbesthal, on the direct Cologne and London 
line. A collision took place between a passenger 
train and a goods train with great violence. 
Eight persons were killed on the spot, and a 
large number severely injured. The frequency 
of serious accidents in Belgium, and especially 
in Germany, is at last beginning to attract at- 
tention here; and the English traveling public 
should not forget that the lines they mostly 
use are at present the most dangerous. On re- 
tnrning from Cologne last week, I was luck 
enough to miss my train to Berlin, which 
heard on the following day had been smashed 
up near Dortmund, with a large number of 
killed and wounded, Now thatthe Prussian rail- 
ways have become state property, the govern- 
ment adopts the principle of economy in every 
branch of the railway service. For instance, 
the number of the line inspectors has been re- 
duced to a minimum, one chief inspector being 
made responsible for so many hundred miles 
of line, over which it is practically impossible 
to give the necessary supervision under only 
one head. Secondly, when a railway accident 
does occur, such secrecy is observed that along 
time elapses before the public are made aware 
of the exact number of dead or injured, and 
the matter is hushed up as soon as possible; 
and the press having no means of obtaining a 
true account, pays exceedingly little attention 
to these terrible disasters—that is to say, unless 
they happen in England, and then as much is 
made of them as possible. For the past fort- 
night not one single day has elapsed but an ac- 


| cident more or less serious has been curtly re- 


ported in the German papers as happening on 
German railways. I hear that the Progressists 
are going to interpellate the Prussian Parlia- 
ment concerning the new state management of 
the railways. One thing certainly is striking, 
that under the new regime pointsmen only get 
1s. 6d. to 1. 9d. per day.’ 
— Rartway.—La Nature gives an 
interesting account of the funicular rail- 
way lately brought into use at the Giessbach, 
for conveying passengers between the pier and 











84 


VAN NOSTRAND’S ENGINEERING MAGAZINE.1 





the hotel on the mountain side. This line is 
worked on the same principle as the conve- 
nient trams at Scarborough, by which people 
are carried up and down the cliff, i. e., twocar- 
riages are connected by a rope, so that one as- 
cends while the other descends; the excess of 
weight being supplied to the descending car- 
riage in the form of water. At the Giess- 
bach, the line is a single one, except in a small 
portion at the middle, where the two carriages 
passeach other. This crossing is effected au- 
tomatically. Six wheels of one carriage hav- 
ing all their flanges exterior, whilst those of 
the other have theirs interior, the rails being 
adapted in accordance, to give the desired re- 
sult. A wagon for luggage is worked with- 
out the cable, by means of a toothed wheel 
catching in a rack-rail; this is driven by four 
men. The carriages have a pinion on the front 
axle, catching in the rack-rail; also brakes, 
and a catch which is raised by acounter weight 
while the cable is tense, but acts in case of rup- 
ture. The water is from a reservoir, supplied 
by the Giessbach fall. This railway is 346 
meters long, and the slope in some parts is as 
much as 28ctm. per meter. A rising carriage 
filled with (40) passengers may weigh 9,500kg. ; 
and the excess of weight forthe other carriage 
is 1,300kg. The velocity is about 1 meter per 
second, so it takes 346 seconds (about 6 min- 
utes) to make the journey. 


LARGE meeting at Victoria (Vancouver's 

Island) has passed a resolution declar- 

ing that separation from the Dominion would 

be the best course if the government of the 

latter fails to carry out its obligations with re- 
gard to the Pacific Railway. 


TRIAL was made in Berlin, in November, 
inthe presence of Count Moltke, of a 
new traction engine, adapted to military pur- 
o This engine drew five heavy guns of 
5 centimeter bore, through the streets for over 
two hours, at the cost of two marks an hour. 
The trial was considered by Count Moltke and 
the staff very satisfactory. Probably, the Daily 
News Berlin correspondent says, the traction 
engine will become an institution in the Ger- 
man army. 


CCORDING to intelligence from Paris in the | 
Presse, which is confirmed from other | 


quarters, the project of direct railway com- 


munication with Constantinople, va Roumania | 


and Bulgaria, has been taken up very serious- 
ly. The report of M. de Serres, the engineer- | 
in-chief of the Austrian Staatsbahn, who was, 
sent last summer at the instance of the late M. | 
Isaac Pereire, the president of the Paris Com- 
mittee of the Austrian Staatsbahn, to open ne- | 
gotiations with the Roumanian and Bulgarian | 
governments, convinced those who had taken | 
up the idea, and also the late M. Isaac Pereire, | 
of the feasibility of the scheme. It seems that | 
a separate company, mostly composed of 
French capitalists, is to take in hand the 
scheme, and that the necessary capital needed 
has already been secured by subscription—nay 


more, for whereas the estimates show a neces- 
sity for a capital of only 60,000,000f., the com- 
panyis to be formed with a capital of 100,- 
000,000f. This has given rise to the supposi- 
tion that there is a design of eventually extend- 
ing the network in Bulgaria. The negotiations 
with the Roumanian and Bulgarian govern- 
ments are said to be already so far advanced, 
that in both legislatures the law authorizing 
the company to build, and insuring it a hand- 
some guarantee per mileage, is to be brought 
in shortly, so that the work may begin next 
spring. The anticipation may, perhaps, not be 
realized, but there seems little doubt that the 
scheme of this railway connection is now seri- 
ously entertained. 


PEAKING of a train which was blown over a 
kK precipice on the Wellington and Gray- 
town Railway, New Zealand, on the 12th Sep- 
tember last, the following particulars are given 
in the Melbourne Argus, and are more definite 
than any previous account which has reached 
us: The train was composed of—first, two 
composite carriages, then the ordinary guard’s 
brake-van, then the Fell engine, then two lug- 
gage vans filled with furniture, produce and 
sundry goods, and, last, the incline brake van, 
with a guard init. The wind on the plain was 
not stronger than usual, there being only an 
ordinary breeze; but as the train went up the 
mountain’s side very strong gusts were felt at 
different spots, where the configuration of the 
hills allowed them to strike the train. Noth- 
ing, however, happened, and the train went on 
all right through the first tunnel, and had 
emerged through a cutting within fifty or sixty 
yards of the second or middle tunnel. This 
spot is called Siberia, on account of the violent 
and piercing blasts that sweep down the hol- 
low of the hill. The line runs along a sort of 
embankment, formed from the stuff taken out 
in making the tunnel; but on the right side the 
hollow formed by the embankment side and 
the adjacent hill is only a few feet deep, while 
on the other side there is a steep declivity of 
over 100 feet, running down toa creek. The 
train was going slowly along this embank- 
ment, when the wind, catching it broadside 
with enormous force, without an instant’s 
warning, lifted the two front carriages and van 
clean off the rails, and swung them around 
and down the deep embankment, one hanging 
to the other. The carriages were swung round 
farther than what would have been at right- 
angles with the rails, and as they were then 
motionless, formed an acute angle with the en- 
gine. The first carriage as it swung over went 
on its side, and the shock started the body 
from the bed and wheels. The body rolled 
away down, breaking to pieces as it went. and 


| the wind carried the pieces in every direction. 


The second carriage was turned square on its 
side, and so remained, all the windows, of 
course, being shattered in. The van was partly 
thrown over, and rested obliquely, two wheels 
being sunk in the embankment, and the other 
two in the air. The engine, the two goods 
vans, and the other brake retained their posi- 
tion on the rails, 
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ORDNANCE AND NAVAL, 


HE INCREASING PowER oF GuNns.—A re- 
: markable result has recently been 
achieved by Sir W. Armstrong and Co. in 
the production of a gun, weighing 95 cwt., 
discharging a projectile weighing 120 lbs., with 
a velocity of 2064ft. per second—that is to say, 
having 3545 foot-tons stored-up energy, or 
746.3 foot-tons perton weight of guns. The 
gun isan experimental one, and we should 
suppose that such a result must be exceptional, 
being, of course, very extraordinary, and a 
stride in advance even of the 614.5 foot-tons 
per ton of gun obtained by the 6in. Armstrong, 
reported in Zhe Engineer of November 5th. 
At present we speak of this as an abnormal 
individual result. How much the gun is able 
to bear as a regular service round we cannot 
say. The fact, of course, indicates something 
unprecedented. In recording this we would 
take the opportunity of correcting an expres- 
sion which may mislead a reader in the article 
of November 5th above reterred to. We there 
spoke of a delicate point, namely, the question 
of priority of Armstrong 6in. and Krupp’s 15- 
centimeter guns, Whose results we compared 
together. Speaking from the reports of each 
lying before us, we considered that the two 
pieces dated from about the same time. In 
doing so we unconsciously did injustice to the 
Armstrong gun; for while Krupp’s pamphlets, 
issued at the Meppen trials, as we understand 
them, contain the records obtained of their 
earliest’ private trials, which took place on 
December 17th, 1878, the report of the Arm- 
strong results dealt only with a certain series 
of Government trials. Previous to this, we 
have now ascertained, a Government trial had 
taken place on May 2nd, 1878, and private 
trials as early as December, 1877. This, it will 
be seen, argues a year precedence for Arm- 
strong as compared with Krupp, which in a 
question of this kind may mean everything, 
and should certainly be clearly stated. 


| Pg RANGE FINDER AT WOOLWICH. 
Captain Roberts, R.A., recently de- 
scribed a range finder designed by himself to 
an Artillery audience, General Turner, C.B., 
the commandant of tke garrison, and his staff 
being present. This range finder mainly con- 
sists of a telescope with large field, such as 
it is proposed to issue to field batteries, 
mounted on a tripod stand, with cross lines 
and prism. The glass is directed at the ob- 
ject, and the prism then applied so as to cause 
the line of vision to be deflected at a right angle 
to a staff carried on the shoulder of an as- 
sistant, and correctly placed by means of a 
second small glass and optical square. Num- 
bers are read off, for the use of which the 
range can be read off aslide rule. The opera- 
tion is a rapid one for intelligent men. It 
would not here be fair to compare it with 
Watkins’ or Nolan’s systems. It is, at all 
events, a matter for congratulation that so 
much interest should be displayed in range 
finding by combatant officers. e best con- 


ceivable range finder might be introduced to 





the committtee, without after all achieving 
much, unless an efficient system of instruc- 
tion is set on foot by the Adjutant-General. 


—_>__ 
BOOK NOTICES, 
PUBLICATIONS RECEIVED. 


M ONTHLY Report of the Meteorological Bu- 
reau for October. 

Papers of the Engineer Department, U. 8. 
Army, contains: Hollow Brick Foundations, 
Arches in Masonry Bridges. By Wm. H. 
Bixby, Lieutenant of Engineers, Washington: 
Government Printing Office. 

Les Tarifs des Chemins de Fer, par N. C. 
Leon Augoc. Paris; Dunod. 


N | ODERN ARCHITECTURAL DESIGNS AND 

Deraris.—Nos. II. and Ill. New 
York: Bicknell & Comstock. Price, $1.00 
each. 

This excellent work maintains the excellent 
character exhibited in the first issue. The 
style of the designs and the finish in execution 
make this work invaluble to the young archi- 
tect. 

Suburban cottages in wood form the illus- 
trated subjects of the two numbers before us. 
The minuteness of detail leaves nothing to be 
desired in the way of completeness. 


|] HE CURRENT GOLD AND SILVER COINS OF 
ALL Nations. By Ivan C. MICHELS, 

Ph. D., M. A. Philadelpha: R. 8S. Menarnin. 
For sale by D. Van Nostrand. Price, $3.00. 

This is an illustrated quarto, giving by pic- 
torial illustration and tables all that can be de- 
sired in the way of information about gold and 
and silver coins. 

Weights, fineness and intrinsic valucs are re- 
duced to United States standard. 

The entire history of United States coinage 
is given from 1792 to the present time. 

To facilitate the use of this work a complete 
alphabetical index is added. 


PuysicaL TREATISE ON ELECTRICITY AND 
Macnetism. By J. E. H. Gorvon, B. 

New York: 1880. Price, $7.00. 

In the present time of rapid progress in prac- 
tical electrical science, every new treatise is 
scanned in expectation that it contains some- 
thing new in the way of exposition of the later 
recognised phenomena. ‘The great need has, 
however, beenof late a treatise that should 
discuss collectively the phenomena of electrici- 
ty and magnetism from the physical standpoint 
only, as distinguished from the math« matical, 
and should, moreever, regard the work of the 
practical electricians as something within the 
province of accepted theories. 

The present work seems to accomplish this. 
Under the head of Electro Statics, all the or- 
dinary experiments of the lecture room in fric- 
tiona] electricity are discussed, together with 
all the elaborate devices of the philosophers 
used in their researches. Under magnetism 
all that relates to magnets, terrestrial magnet- 
ism and the delicate methods of measuring and 
recording the latter. 

Electro kinetics covers a wider field; and be. 


A. 
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ginning with batte 
the consideration of the units of measure and 
their application in practical uses. Electro 
magnetism and magneto electricity are dis- 


cussed under this heading; also the various | 


phenomena produced by the induction coil, 
secondary batteries an 


lysis. 


Electro-optics forms part four and closes the | 


work. ° 


Throughout the treatise the works of the 


leading philosophers are described and their 
opinions quoted. All varieties of instruments 
of research are fully illustrated and their ob- 
jects and uses described. 

This work is undoubtedly the most complete 
compendium of electrical science in the Eng- 
lish language. 

I- RACTICAL BLOWPIPE ASSAYING. 

: Attwoop, A. I. C. E. New York; D. 
Van Nostrand. Price, $2.00. 

Quantitative assaying with the mouth blow- 
pipe is a difficult process. Plattner’s volumi- 
nous treatise has been followed by the few who 
have acquired enough proficiency to feel confi- 
dence in their results, but even with the most 
enthusiastic students, the success under this 
guidance is so out of proportion to that at- 
tained with similar effort in qualitative deter- 
minations that but few have patience to ac- 
quire any considerable skill in determiningthe 
quantities in their essay. 

The present treatise, recognizing fully the 
difficulties of the process, proceeds in the most 
concise way to inspire confidence in the learner 
and lead him to adopt sure and available meth- 
ods to insure success. 

First, the elementary bodies are mentioned 


and directions given for their determination | 


separately. This, with the description of the 
apparatus and reagents constitute the first two 
parts of the work. 

Part [IL is devoted to the assaying of silver, 
gold, mercury, copper, lead, bismuth, tin, 
iron, nickle, cobalt and coal. 

The author suggests a useful check in the 
way of synthetic assays, which consists in the 
preparation of weighed quantities of the pure 


element or elements to be determined, mixed | 


with materials resembling as nearly as_possi- 


ble the ore to be determined. Any loss of the| nate.” In this is fitted a steel air heater which 


element sought in the artificial mixture serves 
as a guide to correct the regular assay. 
Part IV. contains useful tables. The illus- 
trations and typography are excellent. 
“-The book is designedly of convenient size 
for carrying while prospecting. 
TREATISE ON METEOROLOGICAL INSTRU- 
MENTS. By Negretti & Zambra: Lon- 
onne For sale by D. Van Nostrand. Price, 
The fame so justly earned by these makers 


cells the author passes to | 


the laws of electro-| 


By Geo. | 


Nl 
Five chapters are devoted to barometers 


| alone, five chapters to thermometers; then fol- 
low chapters on hygrometers, rain-gauges, 
| anemometers, electroscopes and ozonometers. 
Tables for barometers and_ boiling-point 
thermometers are added. 
The text is embellished with ninety-eight 
| wood cuts. 


EGRETTI & ZAMBRA’S DESCRIPTIVE CATA- 

LOGUE OF PHILOSOPHICAL INSTRUMENTS. 
| Negretti & Zambra: London. For sale by D. 
| Van Nostrand. Price, $2.50. 

The peculiarity of this catalogue is that the 
construction of the apparatus is so far de- 
scribed, and the range of subjects so compre- 
hensive, that the so-called catalogue becomes 

| an exceedingly convenient encyclopedia. 

An occasional essay on the progress in some 
| department of scientific research increases the 
| usefulness of this handy volume. 

| There are several hundred illustrations dis- 
tributed through 540 pages of royal octavo 
| text. 

| —— —- ame - — 


MISCELLANEOUS. 


EHMANN’s Hot-Arr Enerne.—The risks 
and trouble incidental to the application 

of steam to engines of small power are now 
generally recognized. A steam boiler must al- 
ways have close and personal attention by a 
fairly skilled or practiced hand. These needs 
for attention and possible dangers, are avoided 
by the use of heated air as a source of power 
instead of steam. The elasticity and expan- 
sion of air heated to 600° or 800° Fahrenheit is 
sufficient to develop an appreciable pressure, 
and thus to enable a small engine to be driven 
up to a moderate power, such as that of a half 
or one horse. Larger powers may of course 
be obtained, but will require larger diameters 
of cylinders, as the effective pressure to be ob- 
tained by the expansion of the hot air is not 
capable of any great increase. The engine we 
illustrate herewith is Lehmann’s patent, manu- 
factured by Messrs. W. H. Bailey & Co., of 





| Salford, Manchester, and is a very well designed 


and effective specimen of its class. The con- 
struction of the engine is horizontal, the heat- 
ing apparatus consisting of a brick-built fur- 


| may be raised to a dull red heat. The work- 
|ing cylinder is fixed outside the furnace, anc 
|its front part is jacketed by water jacketing. 
| A cold chamber is thus provided in which the 
|expanded air is condensed and contracted to 
| its original volume. The working piston is an 
‘open plunger, which is made air tight by a 
|cup-leather packing. As this packing is fixed 
}in the cold portion of the engine it does not 

suffer from the heat, and will last a long time 
| without attention, whilst at the same time it 


of scientific apparatus gives weight to their | forms a tight and frictionless method of pack- 
statements regarding the instruments employ-|ing. It has always been difficult to apply a 
ed inany department of scientific labor. piston packing in these engines which will 

For the proper care and use of meteorologi- | stand the heat of the air. Any class of pack- 
cal instruments, an instruction book is indis-| ing, which must be packed by a gland, would 
pensable, such a treatise is provided with this | also offer on a large plunger far too great a 
minute description of the construction of the| proportion of frictional resistance in engines 


instruments. ‘of such small power as those worked by hot 
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air. The working plunger operates directly 
upon a rocking lever, to the end of which is 
attached the connecting rod driving a crank 
and fly-wheel carried in bearings on the top of 
the cylinder. A circulating pump to supply 
the water jacket is fixed on the bed-plate, and 
driven from a rocking bar by a return crank 
and connecting rod. The hot air is first ex- 
panded in the hot chamber which causes the 
piston to drive forward, the air then escapes at 
the end of the stroke, and by passing through 
a cold chamber is reduced to its former bulk, 
and may be thus returned to the hot cham- 
ber without much back pressure on the piston 
or plunger. 
used coatinuously, first being expanded and 
then contracted for the working and pack 
strokes respectively. No foul heated air is thus 
discharged by the engine, to which there is no 
exhaust, 

It is somewhat surprising to note the im- 
mense rapidity with which the air can absorb 
heat and give it up again, as we find that as 
many as 1000 revolutions per minute have 
been obtained from the smaller sizes. This 
power of speed will no doubt depend upon the 
skillful arrangement and extent of surface of 
the heating and cooling chambers. This engine 
appears to be very economical, as the makers 
state that a 1-horse engine will run for twelve 
hours at a consumption of 50 Ibs. of coke. A 
great advantage also is that such an engine 
may be safely left to run itself down, since no 
damage can ensue to it, as it will only stop 
when the fire gets to low. In this way Leh- 
mann’s engine may be left to run all night 
without any attendance or the fear of a mis- 
hap. When applied to farm or domestic pur- 
poses the engine need cost little or nothing to 
work, as the heat of the stove may be utilized 
for warming purposes, and even the hot water 
from the cooling jacket would be found ser- 
viceable. A pumping apparatus may be at- 
tached to the bed plate of the engine so as to 
form a compact and serviceable pumping 
engine. 


one ago the executive committee of 
the Citizens’ Association of Chicago ap- 
pointed a sub-committee to consider the sub- 
ject of house drainage. That committee con- 
sisted of Frederick Baumann, James R. Wil- 
lett and Bryan Lathrop. After considerable 
investigation and prolonged deliberation the 
committee has embodied its ideas in a report, 
of which the following is a brief summary of 
the recommendations made: 

1. Concrete the ground under the e.. ire 
building. 

2. Ventilate the main sewers by a perforated 
cover on every man-hole. 

3. Every house to have a cast iron soil pipe, 
not less than four inches in diameter and one- 
quarter inch in thickness, tarred inside and 
outside, running from sewer to roof, without 
a trap, accessible for inspection throughout its 
entire length, and with as great a fall as possi- 
ble; the openings for waste and soi) pipes in 
the house walls to be larger than the pipes, to 
allow for settling. ; 

4. Every sink, wash basin, bath tub and 





The same volume of air is thus | 


water closet (except the ‘‘ trapless”’ closets) to 
be trapped. 

5. Every trap to be ventilated from its high- 
est point intoa pipe running out above the 
roof, and disconnected from the soil pipe. 

6. Joints in iron pipes to be leaded and 
caulked torust joints. Joints between iron 
and lead pipes to be made with tinned iron or 
brass ferules, soldered. 

7. Catch-basins to be built outside of the 
house wherever possible, and ventilated by a 
special pipe. 

8, Water closets to connect with the outer 
air by a window or light shaft, and to have a 
ventilating flue. 

9. Avoid pan-closets, and use hopper or im- 
proved closets. 

10. Un the upper fluor each water closet to 
be flushed from a separate tank through a pipe 
| not less than one and one quarter inch in di- 

ameter. 

11. Catch-basins to be periodically cleaned 

by the city authorities. 

Sanitary Legislation.—It is the custom of all 
citics to control, by municipal ordinance and 
| by supervision, matters affecting the public 
jhealth. Nothing can more properly come 
| within the scope of municipal legislation than 

measures regulating house drainage, in order 
to prevent, as far as possible, the generation 
‘and spread of infectious diseases. It is ob- 
viously necessary to make the precautions ob- 
|ligatory upon all the people, as their efficacy 
depends on the general use of them, and it is 
to the interest of all that they should be uni- 
versally adopted. Your committee, therefore, 
| recommend that an ordinance be passed by the 
common council of Chicago embodying the 
| most important of the foregoing recommenda- 
| tions, as follows: 

1. That every house which shall be con- 
| nected with the city sewers, after this ordinance 
| goes into effect, shall have a continuous pipe 
/of not less than four inches inside diameter, 
|running from the street sewer to at least two 
| feet above the roof of the house, without any 
|trap throughout its entire length; the opening 
|at the house wall to be larger than the soil 
| pipe, to allow for settling. 

|NotE.—As there may be some who will 
prefer to use a trap on the house drain or soil 
pipe, this vent pipe may in that case be made 
independent of the house drainage, and be 
|earried through the house without any open- 
|ing into it.] 

2. Every sink, basin, bath tub and water 
closet (except ‘ trapless” closets) to be trap- 
ped, and every trap to have a vent pipe from 
its highest point. 

3. Joints in iron pipes to be leaded and 
caulked or rust joints. Joints between iron 
and lead pipe to be made with tinned iron or 
brass ferules, soldered. 

4. Soil pipes to be of iron. 

5. All water closets to be connected with 
the outer air by a window and ventilating flue 
or a light shaft. 

6. Sanitary inspectors to be appointed, un- 
der the direction of the health commissioners, 
to enforce the observance of the foregoing pro- 
visions, 
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ding Eartu’s MAGNETISM.—The great physi- 
cal problem of terrestrial magnetism has 
engaged the attention of numerous physicists 
lately, and it is well known that several inge- 
nious solutions of it have been propounded. 
Professors Ayrton and Perry, for example, 
conceived the happy thought that the earth 
was charged with static electricity, which 
being carried round on the surface by the diur- 
nal rotation, acted like a circulating current 
and magnetized the core. A severe blow was 
dealt to this hypothesis, however, by the math- 
ematical criticism of Professor Rowland, who 
pointed out that the surface charge required 
was competent to send a spark from earth to 
moon. <A theory based upon the existence of 
electric currents flowing in the atmosphere 
around the earth was promulgated later; and 
now we have another supposition, which has 
a better claim to serious attention than any of 
the rest because it is supported by direct ex- 
periment. Starting from the idea of M. Ed- 
lund that an electric current is really an ether 
current flowing in the circuit, and that electro- 
static effects are due to rarefactions and con- 
densations of the ether, M. Selim Lemstrém 
considered that he might produce this ether 
current by mechanical action. He, therefore, 
made a paper tube having two concentric walls 
and mounted on an axle. A core of soft iron 
was placed within the tube, and on rotating 
the latter the core was found to be magnetic, 
as demonstrated by two fine astatic needles, 
Reversing the rotation, reversed the magnetic 
poles; and M. Lemstrém concludes that the 
relative motion of the ether in the revolving 
tube and the stationary core was the cause of 
the polarity. It follows that if the tube be 
stationary and the core revolved a simiiar ef- 
fect will be produced; and hence if a mag- 
netic body like the earth be rapidly rotated 
round its axis in an insulating medium like 
the air, it will exhibit magnatism. Pursuing 
this idea into mathematics M. Lemstrém ar- 
rives at an expression for the magnetic moment 
of the which agrees very well with the for- 
mula of Gauss. 


A N Evectro-Dynamic Parapox.--Dynamo- 

electric machines Jike M. Gramme’s are | 
reversible, and can either generate a current | 
from mechanical work or from a current pro- | 
duce. mechanical work. Under the same con- 
ditions continuous current magneto-electric 
machines do the same thing. But if the cur- | 
rent from adynamo-electric machine is sent 
into a magneto-electric machine a very strange 
effect results. This effect is signalled by M.! 
Gérard-Lescuyer, who calls it an electro-dyna- | 
mic paradox. Soon as the circuit is closed the | 
magneto-electric machine begins to move, and | 
tends to acquire a speed proportional to the 
intensity of the current actuating it. But sud- 
denly it slackens speed, stops, and then begins 
to rotate in the contrary direction, only to ar- 
rest itself anew and begin again as before. In 
a word, it exhibits a regular alternative mo- 
tion, lasting as long as the current which actu- 
ates it. What, asks M. Lescuyer, is the cause 
of this phenomenon? Evidently the motive 








current changes its direction ; and a galvano- 


meter introduced into the circuit proves it. 
But how does it produce itself when the speed 
of the prime mover, be it steam or other engine, 
does not vary ? The effect must be due to an 
exterior cause reversing the polarity of the in- 
ductors of the dynamo-electric generator so as 
to cause it to give birth to a reversed current. 
This reversal is proved by placing a compass 
near the inductors, and this reversal keeps 
time with the reversal of the current, as shown 
by the galvanometer in circuit with the ma- 
chines. Let us suppose that the magneto-elec- 
tric receiver has periodic increases of velocity. 
These will give rise to a current of its own in 
the magneto-electric machine, which will tra- 
verse the dynamo-clectric machine, and as it 
will be a contrary current to that coming from 
the latter it will tend to reverse the polarity of 
the inductors of the dynamo machine. Hence 
a reverse current will proceed from the latter. 
To test this hypothesis it is sufficient to prevent 
the increase of the velocity in the magneto- 
electric receiver by means of a brake. Assoon 
as the brake is put in play the paradoxical ef- 
fect vanishes, and the receiver goes uniformly 
in the same direction, whilst the galvanometer 
and compass are unaffected, The experiment 
is well shown by a Siemens dynamo-electric 
continuous current machine for generator, and 
asmall laboratory Gramme with ordinary per- 
manent magnets, as constructed by M. Breguet, 
for receiver.—The Electrician. 


STRONOMY IN RocnEsTER. —The new 
Warner Observatory which is being 
erected at Rochester, N. Y., isattracting much 
attention in social and literary as well as scien- 
tific circles. The new telescope will be twen- 
ty two feet in length, and itslens sixteen inches 
in diameter, thus making it third in size of any 
instrument heretofore manufactured, while 
the dome of the Observatory is to have some 
new appliances for specially observing certain 
portions of the heavens. It is to be the finest 
private observatory in the world, and has been 
heavily endowed by Mr. H. H. Warner. Pro- 
fessor Swift has labored under numerous dis- 
advantages in the past, and the new comet 
which he recently found was in spite of many 
obstacles; but as the new institution is to be 
specially devoted to discoveries there are good 
reasons to expect very many scientific revela- 
tions in the near future from the Warner Ob- 
servatory at Rochester. 


MAN on board the Livadia was asked on 
Saturday evening last to support an 
electric lamp temporarily, while arrangements 


| were being completed for hoisting it to its po- 


sition, and by mistake placed his hand in such 
a position as to divert the current from the can- 
dle through his body. He was killed instan- 
taneously. 


‘Tue coal beds on the Souris River, Manito- 

ba, a southern affluent of the Assini- 
boine, have, itis said, turned out rich, and will 
be developed during the coming winter. The 
Souris being only navigable in the spring time, 
it is proposed to float the coal down in flat- 
bottom scows. 











